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Introduction — Key ambitions

Increase ease-of-use
Increased use of tables instead of text

Consistent models

Whenever possible formulations are expressed in terms which provide orders of magnitude (i.e.
stresses instead of forces)

Reduce number of Nationally Determined Parameters (NDPs)

Incorporate new knowledge

The second generation Eurocodes: key changes and benefits through design examples
Online workshop, 3-5 June 2025



Introduction — Key ambitions

Extend the scope of the Eurocode including:
Evaluation of early-age and long-term cracking due to restraint (Annex D)
Assessment of Existing Structures (Annex )
Strengthening of Existing Concrete Structures with CFRP (Annex J)
Steel Fibre Reinforced Concrete Structures (annex L)
Recycled aggregates concrete structures (Annex M)
Stainless reinforcing steel (Annex Q)
Embedded FRP reinforcement (Annex R)

Account for size effect throughout the text
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Introduction — Background

- CEN/TC 250/SC 2

"Eurocode 2: Design of

CEN/TC 250/SC 2 N2087

concrete structures” Date: 31. March 2023

Background document to
FprEN 1992-1-1:2023-04 (Formal-Vote-Draft):

Eurocode 2 - Design of concrete structures
- Part 1-1: General rules and rules for buildings,
bridges and civil engineering structures

Please note: While wide distribution and use of the background documents is
encouraged, any reproduction of an entire paper or parts of a paper, and/or
models and figures shown in these papers should make reference to the authors of
the papers as follows:

“Reproduced from [list of authors, title of paper given in Background Document,
Background Document for FprEN 1992-1-1, CEN/TC 250/5C 2 N2087, pages xx to yy]”

Content list

Clause Subject
4 Basis of design
4216 Background on effect of water or gas pressure

433and Partial factors for material
Al

4
3 Materials
511- Concrete properties, strength, elastic deformation,
515 creep and shrinkage
5.1.6(1) Strength reduction facters e and ki for concrete in
compression
518 Validation to recommended values for kcand ke
516 ‘Validation of Formula (5.10) for calculation of the
ultimate strain in the constitutive relation for concrete
in compression
52 Integration of indented reinforcing steel

6 Durability and concrete cover
6 Infreduction

64,65 Models for carbonation induced corrosion XRC

6.52.2(4) Minimum cover for durability of presiressing tendons

6.52.1(2)  Acrn considering the increased uncertainty and
: iability i i i

T Structural analysis

7.21 Geometrical imperfections

7.32(3) Linear elastic analysis with redistribution without
explicit check on the rotation capacity

732(5)  Fomula for Rotation Capacity

Information

Author(s)

Kanstad, Lelvestad
Muttoni

~ Fuchs

H.S. Mifler, Acosta Urrea
Muttoni, Ruiz, Moccia
Jones

Torrenti

Ganz

Toutiemonde, Andrade,
Niglsen, von Greve-Dierfeld

von Greve-Dierfeld, zquierdo,

Andrade, Toutlemonde,
Nielsen

Hallgren, Andrade, Toutle-
monde, von Greve-Dierfeld
Edvardsen

~ Fingerioos
__ Fingerioos

Wijte
Wijte

Pérez Caldentay, Wits,

_ Laaksonen

i tho!
8 Ultimate Limit States (ULS)
14 Confined concrete and confinement reinforcement

Shear in members without shear reinforcement

m|

8 Members with circular cross section
826 Shear at interfaces

8.3 Torsion and Combined Actions

Design with strut-and-tie models and stress fields
nd Partially loaded areas

 Wilte, Pérez Caldentey

Sarensen, Hoang, Muttoni
Muttoni, Ruiz, Cavagnis,
Simdes

__ M. Schmidi, Hegger
_ Muttoni, Ruiz, Pejatovic

Hoang

Hegger, Kueres, M. Schmidt,
Ranadl

Hoang

Muttoni, Ruiz, Simées, Fraile,
Hegger, Siburg, Kueres
Ruiz, Muttoni

Pérez Caldentey, Marchetto
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286
208

319
325
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33
358
363

There is an unparallelled amount of
background information in which all
significant changes are treated and
explained:

BS EN 1992-1-1: 878 pages
BS EN 1992-1-2: 389 pages



Key changes to Part-1-1

Explicit statement on how to deal with restrained imposed strain in SLS and ULS
Reference age for compressive strength of concrete

Brittleness factor

Exposure resistance classes — go towards a performance-based design

New formulation for rotation capacity

New formulation for shear resistance of members without shear reinforcement
New formulation for punching shear

Modifications to the cracking model to reduce scatter - improved sustainability

Accounting for LL/TL in slenderness limits explicitly
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Key changes to Part-1-1

Simplified model for deflection calculations based on linear elastic analysis
New formulation for development length of reinforcement
Formula for anchorage of headed bars

Rational method to modify material partial factors
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Key changes to Part-1-2

How to deal with stainless steel
Residual resistance of concrete after a fire (cooling period)

Deletion of Isotherm 500 method and replacement by a new, more analytical and less
conservative method

Explicit rules for spalling
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Key changes to Part-1-1 — Imposed deformations

(4.2.1.3): Explicitly allows to neglect imposed deformation in ULS. This is a big step forward. The
section on neglecting imposed strains if joints are less than a certain length apart has been deleted
to avoid encouraging poor durability design.

4.2.1.3 Effects resulting from restrained, imposed deformations

(1) Effectsresulting from restrained, imposed deformations should be quantified and considered when
verifying serviceability limit states and fatigue.

NOTE Effects resulting from restrained, imposed deformations can be reduced, when necessary, using various
methods such as varying the composition of the concrete mix (guidance is given in D.3) and adjusting the stiffness
of integral structural restraints. The use of bearings and joints can also reduce these effects.

(2) The effects of restrained, imposed deformations may be neglected at ultimate limit states where it
can be demonstrated or has been shown by experience with similar structures that:

a) there is sufficient deformation capacity to allow the respective movements to occur and fulfil the
ultimate limit state; and

b) the structures behaviour is not sensitive to second order effects caused by large displacements.

(3) In all other cases, the effects of restrained imposed deformations should be considered.

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.
British Standards can be obtained from BSI Knowledge knowledge.bsigroup.com
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Key changes to Part-1-1 — Reference age

(1) The compressive strength of concrete shall be denoted by concrete strength classes which relate to
the characteristic (5 %) cylinder strength f.. of the concrete in accordance with EN 206, determined atan
age Lrer.

(2) The value for trer
a) should be taken as 28 days in general; or
b) may be taken between 28 and 91 days when specified for a project.

(3) The compressive and tensile strength characteristics necessary for design should be taken from
Table 5.1.

Table 5.1 — Compressive and tensile strength of concrete [MPa]

Strength classes for concrete [EN 206] Governing

I lez| ey | c2zo/| czs/ | c3os | e3sy | caos | casy | csoy | essy | coos | 7o/ | esoy | co0/ | cro0/ formulae

15 20 23 30 | 37 | 45 20 25 60 67 | 75 85 95 | 105 | 115

fax 12116 | 20| 25| 30| 35| 40 |45 |50 | 55|60 | 70| 80 | 90 | 100 —

fom 20| 24 | 28| 33 (38| 43| 48|53 |58 |63 | 68| 78|88 98| 108 |fm=fx+8MPa

form = 0,32/
(fa: = 50 MPa)

fetm = 1,1fxl/3
(fa = 50 MPa)

fom |16]119|22]26]129]32|35|38|41|42]43]|45]|47]49]| 51

- fetk0,05 = 0,7 feem
SJawops |11 )13 ]|15)1820)22]25|27|29]29]|30]32]|33]|35] 36 (5 %-fractile)

fuross [ 20251293338 |42|46|49]|53]|54]|56|59]|62]64] 66 fet095 = L3 ferm

(95 Yp-fractile)

Reference compressive strength can be
defined at ages between 28 and 91 days ->
meant to favour green concretes

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.

British Standards can be obtained from BSI Knowledge knowledge.bsigroup.com
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Key changes to Part-1-1 — Brittleness factor

Introduction of a brittleness factor in the definition of the design concrete strength (5.1.6):

1
3
) <10

fex fekref
_— . k i — ( CE.re
f cd Nee tc Ve Nee fck

Addresses overestimation of compressive strength in columns for high strength concrete

Simplifies the definition of constitutive laws for concrete (¢,,=0.20% and ¢,,=0.35% for all concrete
strengths)

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.
British Standards can be obtained from BSI Knowledge knowledge.bsigroup.com
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Key changes to Part-1-1 — Brittleness factor

Introduction of a brittleness factor in the definition of the design concrete strength (5.1.6):

(@) -
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Key changes to Part-1-1 — Durability

Durability: Exposure resistance classes: a performance-based approach

Exposure resistance classes for resistance against corrosion induced by CARBONATION:

According to the definition in table 6.3 the designation of ERCs for resistance against corrosion induced
by carbonation (XRC) is derived from the carbonation depth in mm (characteristic value 90 % fractile)
assumed to be obtained after 50 years under reference conditions (400 ppm CO2 in a constant 65 % RH
environment and at 20°C). XRC has the dimension of a carbonation rate (mm / sqrt(years)).

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.
British Standards can be obtained from BSI Knowledge knowledge.bsigroup.com
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Key changes to Part-1-1 — Durability

Exposure resistance classes for resistance against corrosion induced by CARBONATION:

Table 6.3 (NDP) — Minimum concrete cover Cuindur for carbon reinforcing steel — Carbonation

Exposure class (carbonation)
XC1 XC2 XC3 XC4
ERC
Design service life (years)
50 100 50 100 50 100 50 100
XRC 0,5 10 10 10 10 10 10 10 10
XRC1 10 10 10 10 10 15 10 15
XRC 2 10 15 10 15 15 25 15 25
XRC 3 10 15 15 20 20 30 20 30
XRC 4 10 20 15 25 25 35 25 40
XRC5 15 25 20 30 25 45 30 45
XRC 6 15 25 25 35 35 55 40 55
XRC7 15 30 25 40 40 60 45 60

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.
British Standards can be obtained from BSI Knowledge knowledge.bsigroup.com

The second generation Eurocodes: key changes and benefits through design examples
Online workshop, 3-5 June 2025



Key changes to Part-1-1 — Durability

Durability: Exposure resistance classes: a performance-based approach
Exposure resistance classes for resistance against corrosion induced by CHLORIDE INGRESS:

The designation of XRDS classes for resistance against corrosion induced by chloride ingress is derived
from the depth of chlorides (XRDS) penetration [mm] (characteristic value 90 % fractile), corresponding
to a reference chlorides concentration (0,6 % by mass of binder cement + type Il additions), assumed to
be obtained after 50 years on a concrete exposed to one-sided penetration of reference seawater (30 g/I
NaCl) at 20 °C. In the following, this depth is noted d¢. XRDS has the dimension of a diffusion coefficient

[1012 m?/s]. By
Clx,t) = C; + (C; — C)) (erfc {—D
C=0.05% VDapp (1)t
= 0.6=0.05+ (3.55— 0.05) erfc [—2
CS:355% \J'Dapp(t)f
; dic 0.55 dye :
erjc = — =
VDapp(tso)tse) 350 /Dgpy(tso)tse

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.
British Standards can be obtained from BSI Knowledge knowledge.bsigroup.com
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Key changes to Part-1-1 — Durability

Exposure resistance classes for resistance against corrosion induced by CHLORIDE INGRESS :

Table 6.4 (NDP) — Minimum concrete COVer Cmin,aur for carbon reinforcing steel — Chlorides

Exposure class (chlorides)
XS1 Xs2 XS3 XD1 XD2 XD3
ERC
Design service life (years) Design service life (years)

50 ([ 100 | 50 | 100 | 50 | 100 | 50 | 100 | 50 | 100 | 50 | 100
XRDS 0,5 20 20 20 30 30 40 20 20 20 30 30 40
XRDS 1 20 25 25 35 35 45 20 25 25 35 35 45
XRDS 1,5 25 30 30 40 40 50 25 30 30 40 40 50
XRDS 2 25 30 35 45 45 55 25 30 35 45 45 55
XRDS 3 30 35 40 50 55 65 30 35 40 50 55 65
XRDS 4 30 40 50 60 60 80 30 40 50 60 60 80
XRDS 5 35 45 60 70 70 — 35 45 60 70 70 —
XRDS 6 40 50 65 80 — — 40 50 65 80 — —
XRDS 8 45 55 75 — — — 45 55 75 — — —
XRDS 10 50 65 80 — — — 50 65 80 — — —

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.
British Standards can be obtained from BSI Knowledge knowledge.bsigroup.com
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Key changes to Part-1-1 — Shear

Shear in members without shear reinforcement:

New formulation derived from the Critical Shear Crack Theory (CSCT)

Reasons for change:
The current formulation underestimates the influence of size effect
The current formulation is too conservative for members subjected to tensile axial forces
The effect of shear slenderness is not considered and could yield unsafe results for slender beams
Current formulation derived for point loading in simply supported beams which is not representative of practical cases

(a) (b)
3 I 1 | I | I
- . No. tests: 669 No. tests: 158 -
b= u
(s>
-
P [ 1]
~_ "
S oo »
O | 1 | 1 | 1
0 0.50 1.0 1.5 2.0 -20 -10 0 10 20
d[m] o, [MPa]
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Key changes to Part-1-1 — Shear

Shear in members without shear reinforcement 0.4

New formulation derived from the Critical Shear Crack Theory (CSCT)
0.3
L CSCT failure criterion

MPa ]

VR,c

[

dkdg‘/_b '

1+¢, -
g Mg _ Me _ Ve-as : 50-2
Y z-As-E; z-p-b,-d-Eg zZ-p-b,-d-Eg = 3 load-deformation
relationship
= | Me/Ve| is the effective shear span 0.1y
at the control section;
% 1 2 3

5‘1l'd'k@ [-]

Need for iterations to determine failure point (intersection)
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Key changes to Part-1-1 — Shear

Shear in members without shear reinforcement:

Location of control sections
17 point of contraflexure

o ot
ﬁﬁ W T Tt

ihHHHHHH+erHerhHHHhHHIrHHH R REEEEENREEIERRIEERE!

i o i i l | i l ! T 1T 1,
N . I | e d, %
: T EE— T 1 -+- T~ — 1 4

I A i [ [ [ | ! ol

| | | ! | ! o

t T t t f f control sections T T

The second generation Eurocodes: key changes and benefits through design examples
Online workshop, 3-5 June 2025



Key changes to Part-1-1 — Shear

Shear in members without shear reinforcement:

Simplification of the mechanical of the CSCT, allows a closed-form solution

1/2
f.-dg
VR,,_.=k-[ - _dgj by, -d <Vg o

v

where:

k depends on the location and shape (inclination) of the critical shear crack and, based on [C8.4,C8.5,
C8.6], can be estimated to depend upon the ratio a.s/d resulting into kK = 0.015(a.s/d)"*;

dog = 16 mMm+Dwer £ 40 mm refers to the average roughness dimension of the critical shear crack (see
definition in 8.2.1(4));

Vrco is the maximum shear resistance.
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Key changes to Part-1-1 — Shear

Shear in members without shear reinforcement:

Simplification of the mechanical of the CSCT, allows a closed-form solution

0.4 T T I 1
03 hyperbolic failure criterion
®©
& - - -
= power-law failure criterion
Kt a/d=2/4/6
: |$a 02k v/ 141/
o
>l
Q
0.1}
0 | 1 1
0 1 2 3 4
€, dk,[]
23 The second generation Eurocodes:

Online workshop, 3-5 June 2025

1/2
fc'dd
VR,czk-[ - _dg) by, -d < Vg ¢

v

e = Mg  _ Mg _ Ve - acs
Y z-A,-E; z-p-b,-d-E; z-p-b,-d-E
12
VR,C =0.015- fc .ddg Py bw ‘Es - Z
VR,c'\!acs‘d
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Key changes to Part-1-1 — Shear

Shear in members without shear reinforcement:

Simplification of the mechanical of the CSCT, allows a closed-form solution

F oo 1/2
=o.015- c % __.p-b, E.-z| -b,-d
Clex

dy ~ Vrae Vied e 0.66 dyg

1/3 13
_ 23 | o . F .99 2| . . = - =22 1100 p, -f., 29
Vg o =0.015 [p, E, -f. T d] b, d —> Trac b,z B, 09d ( Pr Tk — }
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Key changes to Part-1-1 — Cracking

) . Mean crack spacing:
Changes in verification of

cracking: S, =k, ct+k,,

accounts for
distribution of stresses

accounts for bond conditions

Mean strain of steel with respect to concrete:

accounts for curvature . f::tm

sccounts for curvature o, kr : (1+aepq-) _
A > 0.6
E. E.

Design crack width:

From mean to characteristic values

wd : Sﬂi‘ (6‘8?’?? - 86’??? ) % 1 '7 ) Sﬂ? (883?3 _ gC’ﬂ?)
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Key changes to Part-1-1 — Cracking

The need to the cover term — the experimental evidence is unquestionable:

Side maximum crack width vs. Stress - Effect of cover -¢ =25

1.40 4
1.20 A

1.00

0.80 +

0.60

wmnside [mm]

0.40 -

0.20 +

0.00

0 100 200 300 400 500 600

Theoretical Stress of bare steel [MPa]
A 25-20-00 - fi/rho s,ef=460 mm A 25-20-10 - fi/frho s,ef=460 mm A 25-20-30 - fi/rho s5,ef=460 mm
0 25-70-00 - fi/rho s,ef=473 mm @25-70-10 - fi/rho s5,ef=473 mm @ 25-70-30 - fi/rho 5,ef=473 mm
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Key changes to Part-1-1 — Cracking

Influence of bond conditions

FACE A

FACEB $,=16,0 cm

a) BEAM 12-70 F (2017)

FACE A -

$n=25.8 cm

FACE B :

b) BEAM 12-70-00 (2009)
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Key changes to Part-1-1 — Cracking

Bending vs tension: when k; is introduced, there is no need for the (h-x)/3 limit for the effective area -> New
definition of A o4

Effect of stress distribution - Coefficient k

(h-x)/3 and coefficient k

\ —

/ —
—p
< ) I's,tension

Tom
— > > > > > > > )
> — ——> > > ———> ———> ————>

s

EN 1992-1-1:2004 )

crack

— Section of no-slip
Sr,max_k3'C+ k1@k4° ¢/ pp,eff /

Ir
—h

i )

e —>

Is,flexure :

I e e e e
*

Tb m 1 :

Section of no-slip

crack
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Key changes to Part-1-1 — Cracking

Bending vs tension: when k; is introduced, there is no need for the (h-x)/3 limit for the effective area -> New

definition of A,
S N N
o 1 1 f
c ct,ef _
2 —~ O mean = E( 1:ct,ef T O minef ) = E 1:ct,ef T h— X, (h — Xy~ hc,ef ) -
B . (. (h=x,—h)
Oc,min,ef ct.e 2 h— X
g9
N N\ . ~~ J/
wq-,_‘ 1,—,_‘ ke
= =
fct,ef fct,ef
Rectangular CS:
a) Bending b) Tension K — h— hc,ef
fl —
h
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Key changes to Part-1-1 — Cracking

Bending vs tension: (h-x)/3 and coefficient kj

FprEN 1992-1-1:2022

MC 2010

EN 1992-1-1:2004

Measure.d mean crack Predicted mean crack spacing (mm)
BEAMS spacing (mm)
o | T | aye [ B T [ewe| ® | T eye | B | T | ore

12-20-B/T-G | 115 162 0.41 137 | 162 0.18 182 | 182 0.00 152 | 240 0.58
16-20-B/T-G | 105 147 0.40 125 152 0.22 151 | 151 0.00 134 | 203 0.52
16-70-B/T-G | 183 | 220 0.20 213 | 262 0.23 233 | 352 0.51 248 | 477 0.93
16-20-B/T-PL | 109.8 | 170.5 0.55 150 | 187 0.25 151 | 151 0.00 134 | 203 0.52
16-70-B/T-PL| 188 | 232 0.23 2431 309 0.27 233 | 352 0.51 248 | 477 0.93
25-20-B/T-G | 86.7 | 115 0.33 105 135 0.29 113 | 119 0.05 110 | 163 0.48
25-70-B/T-G | 148.3 | 184 0.24 186 | 245 0.32 175 |260 0.49 212 | 365 0.72
25-20-B/T-PL| 96.5 | 171 0.77 124 164 0.32 113 | 119 0.05 110 | 163 0.48

Average 129 | 175 0.39 160 | 202 0.26 169 | 211 0.20 168 | 287 0.64
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Key changes to Part-1-1 — Cracking

Effect of curvature

Maximum crack with measured at

most tensioned fibre [mm]

Correlation between maximum crack width measured at level of bar and at the
most tensioned fibre

1.00
0.90
k,,=(h-x)/(d-x)=1.17
0.80
0.70
0.60
0.50 TOP MEASUREMENT
] g
0.40 1 SIDE MEASUREMENT —— = «* @ o &
0.30 g i
\\//L 2012
0.20 e
20125,
0.10 25-20-00
a BENDING
0.00
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90

Maximum crack width measured at the level of the reinforcement [mm)]

® 25-20-00 ——~Correlation line 25-20-00
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Key changes to Part-1-1 — Development length

1 1
=tk 0 (22 () (B (22 2 0

where

Ratios in Formula (11.3) shall be limited to (¢p/20 mm) = 0,6 and (25/f«) = 0,3:
Ca Cq = min{O,ScS;cx; Cy; 3,754?5}, see Figure 11.3.
kep coefficient accounting for casting effects on bond conditions:

— kep = 1,0 for bars with good bond conditions according to (4);

— ke = 1,2 for poor bond conditions and for all bars used in slipform construction unless
it is shown that the vertical bars cannot move during casting;

— ke = 1,4 for all bars executed under bentonite or similar slurries unless data is

available for the specific slurry to be used;

NOTE For anchorages, the following values for ki, and ns apply unless the National Annex gives different values:
i = 50 for persistent and transient design situations with ns=3/2; and

ki = 35 for accidental design situations with ne= 3/2.

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.
British Standards can be obtained from BSI Knowledge knowledge.bsigroup.com
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Key changes to Part-1-1 — Headed bars

Anchorage of headed bars — formulation based on a physical model:

o oo (O (% iy,

Osqg — khJA ) fcd + vpart y ¢| ¢ ¢
C

LAl =

Ah=aﬁ Ay = ap x by, Ah=JTx¢Efﬂ

dh bh

Eh*‘bh

d
—-
—-

—

D,Sa'h

- -f—

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.
British Standards can be obtained from BSI Knowledge knowledge.bsigroup.com
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Key changes to Part-1-1 — Partial factors y,

Adjustment of partial factors for materials (Annex A):

(3] The adjusted partial factors may be calculated as:

_ EKP{“R * Prgt - 1""RI«EI:]
= st EMJ

where

index M
244

Brr
Vam

R

(4.1)
HRM

is 5 for reinforcement, C for concrete in compression and V for shear;
is the sensitivity factor for resistance according to Table A.4 (NDF):
is the target value for the 50-year reliability index according to Table A.4 (NDP):

is the coefficient of variation of the resistance which may be calculated from

Vas = V2 +VE+ V2 A2
fy d 8s

I'IIIRCI = Jvr?: + Vr|2i5 + VAzc + l'I'Hzl: [ABJ

Viey . (Yais\* L oL vz e (A4)
= |(3) +(F) % v e '

where the coefficients of variation of each uncertainty are defined in Table A.3 or
updated (for conditions, see Table A.1 (NDP) and Table A.2 (NDP));

is the bias factor of the resistance and may be calculated from:

I
His =g Ha " Has (A5)
Mg = fﬂ YT (A.6)
RC [ Hnis " Hae " Hac 8
1/2
Hpy = (i—’:'%u) “Hd By (A7)

where the bias factors of each uncertainty are defined in Table (A.3) or updated (for
conditions, see Tables A.1 (NDP) and A.2 (NDP)).

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.

Table A.3 — Statistical data assumed for the calculation of partial factor defined in Table 4.3

(NDP)

| Coefficient of variation ‘ Bias factor=
Partial factor for reinforcement ys
Yield strength f; Vi = 0,045 frm/fx = exp(1,645Vy)
Effective depth d Va= 0,050 g = 10,950
Model uncertainty Vos = 0,045 pos = 1,09¢
resistance for reinforcement Vis = 0.081 tus = L1
Partial factor for concrete yc
Compressive strength f; (control specimen) Ve = 0,100 Sem/fa: = exp(1.645V%)4
Insitu factor i = foais/fe ® Vaie = 0,120 Ui = 0,95
Concrete area A: Vae = 0,040 pae= 1,00
Model uncertainty Vae = 0.070F g = 1,021

Partial factor for shear and punching yv (see 8.2.1,8.2.2, 8.4, 1.8.3.1, 1.8.5)

Compressive strength f: (control specimen) Ve =0,100 Sfem/fix = exp(1,645Ve)4
Insitu factor ni = fras/fe® Vs = 0,120 s = 0,95
Effective depth d Va= 0,050t pa = 0,950
Model uncertainty Vav = 0,1072 pov = 1,108
Residual uncertainties Vresw = 0,046 -
Coefficient of wariation and bias factor of _ _
resistance for shear and punching (members Vgy = 0,137" Upy = 1,085'

without shear reinforcement)

British Standards can be obtained from BSI Knowledge knowledge.bsigroup.com
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Key changes to Part-1-2 — Stainless steel

Properties of stainless steel at elevated temperatures:

(6) For the properties of stainless steel reinforcement at elevated temperatures, EN 1993 1 2 may be
applied for simplified design method (Clause 7) and advanced design method (Clause 8). Tabulated
design methods are not applicable with stainless steel.

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.
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Key changes to Part-1-2 — Cooling phase

Consideration of cooling phase:

(5) For thermal actions in accordance with EN 1991-1-2:—1, 5.3 (Physically based models), when
considering the cooling phase, the strength of concrete heated to a maximum temperature 6cm. and
having cooled down to 20 °C may be taken according to Formula (5.15):

fen20°c = @ fex (5.15)
where for:
— fax<70 MPa
9 = feoma/ fox for 20 °C < Oax < 100 °C (5.16)
@ = (-0,0005 x Oumax +1,05) (f- ommas/fix) for 100 °C < Opax < 300 °C (5.17)
@ = 0,9 (fepmax/fex) for Omax = 300 °C (5.18)
— fx=70 MPa
@ = fe omas/fex for 20 °C € Omax < 1 200 °C (5.19)

The reduction factor (fcemax/fa), which corresponds to the coefficient (fio/fx) at the maximum
temperature fcmax, should be taken according to Table 5.1.

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.
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Key changes to Part-1-2 — Levels of analysis

Analysis levels:

Tabulated methods (Section 6)
Method A for columns

Method B for columns
Simplified method (section 7)

Simplified verification
Refined verification
Refined methods

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.
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Key changes to Part-1-2 — Tabulated methods

Table 6.1 — Minimum column dimensions and axis distances for columns with rectangular or

An aIyS|S |eve|S circular section exposed to fire on four sides
Minimum dimensions
Example of tabulated methods:
Standard fire (mm)
— .. . resistance Column width buin/axis distance a of the main reinforcement
Limits of minimum width and cover
to centre of bar as a function of #a =02 #a=05 #e=07
required fire resistance, and load ! z 3 4
level R 30 200/25 200/25 200/32
300/27
R 60 200/25 200/36 250/46
300/31 350,40
R 90 200/31 300/45 350/53
300,25 400/38 450/40
R 120 250,40 350/45 350/57a
350/35 450/40° 450/512
R 180 350/454 350/63 450/70
R 240 350/61= 450/752 -

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.
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Key changes to Part-1-2 — Simplified method

Simplified method

Determination of temperatures

0, (x,1)=345-1g,, %JA -eXp —IE

The temperature is used to determine the temperature of the reinforcement and the temperature at the centroid of
the cross section or at other points for more refined calculations to determine the capacity of the section.

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.
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Key changes to Part-1-2 — Simplified method

Structural analysis

Calculation of the reduced cross-section (determination of the parameter a,). For simple cases it is
given directly. For more refined calculations, in the case of bending, the a, parameter is determined
by dividing the section into parallel zones of equal width, while in the case of bending and
axial loading, the cross-section of the member should be discretized into a grid of small elemental

zones each characterized by area A
Verification of the structural behaviour:
) Simplified verification, based on the resistance without fire and the reinforcement temperature

II) Refined verification, accounts for both the reinforcement temperature and concrete temperature at
centroid of effective section

The second generation Eurocodes: key changes and benefits through design examples
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Key changes to Part-1-2 — Simplified method

Simplified method: rim area

b b b b )
bfl bi- bfl bll
az az dz az az az
s = em =|i em|= =|| on =| em|= <
- I IO
w=b w= b/2 w = minlb: A w=minlb/2; Al ~
a) b) c) d) .
tthidid _._HIHH h__HHlii N
—— ] ~[ ~[ 1=
=[S oM LA E%on E:.H:EE
] I i g il =
IRRRERE ISREEEE! ERERRE; IRREE RS .
™ w=h w=h'2 w = minlb;, h/2) w = min(b/2; h/2) o |
e) f g)

where

t [min]

w [m]

0,011-\/1+f;§?- }0 (;‘1’25 for0,075 < w< 0,20
’ (7.15)

0,011 l1+4r;?27 for w> 0,20

duration of the standard fire
is a cross-sectional dimension used to obtain the reduced cross-section depending on
the fire exposure defined as (see Figure 7.5):

— the member dimension perpendicular to the surface exposed to fire on one side or
two non-opposite sides;

— half the member dimension perpendicular to the surface exposed to fire for
members exposed to fire on at least two opposite sides; and

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.
British Standards can be obtained from BSI Knowledge knowledge.bsigroup.com
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Key changes to Part-1-2 — Spalling

Specific rules for spalling

Table 10.1 — Overview of the rules for spalling

Verification for spalling

R15 Verification of spalling may be omitted except Clause 10(2)

— structures in a water saturated | Specific assessment of spalling should be undertaken or
environment polypropylene fibres should be specified

— 1nsulating permanent | See Clause 10(7), (8), (9) or (10)

formwork which prevents
concrete from drying

fae<70MPa and silica fume |Verification of spalling may be omitted except Clause 10(3)
content < 6 % by weight of cement |and (5)

fek < 70 MPa and silica fume Specific assessment of spalling should be undertaken or
content = 6 % by weight of cement | polypropylene fibres should be specified

or See Clause 10(7), (8), (9) or (10)

fae =z 70 MPa

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted.
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Design example

Section through elevator shaft

8,13

8,00

8,00

8,00

8,13

I

L 1

SECTION A-A

400 | 350 |, 350 | 350 |
rd rd 4l ud

Section through typical frame

8,13

8,00

8,00

8,00

8,13

L1

0,32

SECTION B-B
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Design example

Loads Materials
SW Concrete C30/37
SDL = 1 kN/m? E.=32 GPa
LL = 3 KN/m? f.m=2.89 MPa
W = 2 kN/m? Steel B 500 B

Creep coefficient: 2,18

Shrinkage strain: 0,54 mm/m

45 The second generation Eurocodes: key changes and benefits through design examples
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Determining the slab depth

Table 9.3 — Limiting span/effective depth ratios I/d for buildings

Required mechanical reinforcement ratio®

w: =03 w:=0,2 w:=0,1

Structural system LL/TL LL/TL® /L L /TLh\

DA A0S0 fasee| 20N | 45 (309 New determining variable is
Simply supported beam, I d d /

1 | one-way spanning 15 14 12 17 15 13 22 19 17 ConSI ere LL TL

simply supported slab

End span of continuous

2 | beam or one-way 20 18 16 22 20 17 29 25 22
spanning slab
Interior span of L
3 | continuous beam or 23 21 18 26 23 20 33 29 26
one-way spanning slab —
4 | Cantilever 7 7 6 8 7 6 10 9 8

NOTE This table assumes the quasi-permanent value of the live load with ¥z = 0,3 and that the

deflection limit for long-term deflection is I/250, where [ is the span of the beam or slab.

3 Wr=dsreq/(bwd)frd/fed 1S the required mechanical tension reinforcement ratio to resist the moment due C O n S i d e r typ i Cal S Ce n ari O ( I n te rn al S p an)

to the design loads, at mid span for continuous or simply supported elements and at the support for

cantilevers. Intermediate values may be interpolated. The limits are conservative for flanged . f f .

sections. and over-reinforce for side sSpans.
b Characteristic values of: LL = characteristic value of live load (imposed or wvariable);

TL = characteristic value of total load. Intermediate values may be interpolated.

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted. British Standards can be
obtained from BSI Knowledge knowledge.bsigroup.com
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Determining the slab depth

Table 9.3 — Limiting span/effective depth ratios I/d for buildings 1 / 4 1 / 4
— —— : 1 1
equired mechanical reinforcement ratio» k — —
wr=0,3 wr=0,2 wr=0,1 2—way,slab I 4 8 4
Structural system LL/TL LL/TL LL/TL> 1 + # 1 + §
60 | 45 | 30 | 60 30 | 60 | 45 min
% | % | % | % |*% % | % | w 2% = 0.84
Simply supported beam,
1 | one-way spanning 15 14 12 17 15 13 22 19 17
simply supported slab .
End span o continuous A slab is expected to have a low
2 | beam or one-way 20 18 16 22 20 17 29 25 22
spanning slab . f . d | /
o reinforcement ratio and a low LL/TL
nterior span of L
3 | continuous beam or 23 21 18 26 23 20 33 29 26
one-way spanning slab —

4 | Cantilever 7 17| 6| 8] 7 |6 ]| 10] o9 8 1St eSt| m ate

NOTE This table assumes the quasi-permanent value of the live load with ¥z = 0,3 and that the
deflection limit for long-term deflection is I/250, where [ is the span of the beam or slab.

(Wr=As.req/(bwd)fyd/fed 1S the required mechanical tension reinforcement ratio to resist the moment due I / d — 2 6 X O 8 4 — 2 1 8 4 d — O 3 7 m
to the design loads, at mid span for continuous or simply supported elements and at the support for - " - . ) - . )
cantilevers. Intermediate values may be interpolated. The limits are conservative for flanged

h=0.42 m
b Characteristic values of: LL = characteristic wvalue of live "

load (imposed or variable);
TL = characteristic value of total load. Intermediate values may be interpolated.

a

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted. British Standards can be
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Slab depth: refining the estimate

15t estimate is rather high. Further pre-dimensioning reveals that the required
mechanical reinforcement ratio at centre span, @,, is considerably lower than
0,1. In fact with d=0,37 it is 0,024. On the other hand, the LL/TL ratio is lower
than 0,3 (it is 0,21), but the effect of @, is much stronger.

BS EN 1992-1-1:2023 allows linear interpolation (and extrapolation). This
procedure is conservative because the variation of I/d as a function of the
reinforcement ratio is hyperbolic

26 — 20
Correction for reinforcement ratio: Kcorr,p. = (0 - 1) (0.1 — w,)
| LL - (26-29) (. LL
Correction for ﬁ’ratm. mﬂ_'% = 945 03 (0.3 — ﬁ)

48 The second generation Eurocodes: key changes and benefits through design examples
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Slab depth: refining the estimate

40.0

35.0 —NonHihearbehaviou

30.0

25.0

conservative

N
N—"

“ 'R Fdn s
20.0 L— | LITEAl EXaPOTaUOl

L/d
/
/

15.0 —

10.0

5.0

0.0

0.0% 0.5% 1.0% 1.5% 2.0% 2.5% 3.0%

o)

3.5%

4.0%
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Slab depth: refining the estimate

{qEd oo
i o | LL/TL kcorr,a)r kcorr,% L/d kZ—Way,slab (L/d)corr rCrll r}rll II{JIS] II?N;;LS;;E
kN /m?
0.10 | 0.30 1.00 1.00 26 0.84 22 0.3710.42 7326 | 1990 | 66.86
1 10.025| 0.21 4.49 -1.84 29 0.84 24 0.33]0.38[6648| 18.76 | 63.02
0.029| 0.22 4.26 -1.58 29 0.84 24 0.33/0.38|6639| 18.74 | 62.97

Convergence is reached with the 15t iteration, but this approach remains

conservative, and a larger slenderness can be achieved by calculating the
deflections
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Verification of cracking

The reinforcement required in the column strip for negative bending is 33 cm?/m
which can be provided with ¢25@0.20+¢16@0.20. The equivalentt bar diameter for
cracking will be:

25% + 167
beq = T 16 21.49 mm

The tension in steel due to the quasi-permanent load will be:

M
O, = Q, oLap (d —x) = 6,25

(0,33 — 0,10) = 298 MPa
IET

1,23 x 1073
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Verification of cracking

The reinforcement required in the column strip for negative bending is 33 cm?/m
which can be provided with ¢25@0.20+¢16@0.20. The equivalentt bar diameter for
cracking will be:

25% + 167
beq = T 16 21.49 mm

The tension in steel due to the quasi-permanent load will be:

M
O, = Q, oLap (d —x) = 6,25

(0,33 — 0,10) = 298 MPa
IET

1,23 x 1073
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Verification of cracking: crack spacing

Effective height:

h 380
hc,eff = min (a}, + 5¢); 3,5ay; h — x; E) = min (45,8 + 5% 21,5;3,5 X 45,8; 380 — 100; 7) = 153 mm

Crack spacing:

15c 400 P g5 y35 4 20X L2 210
T T T berr 72 00226 0
h—h 380 — 153
e = ——=) = = 0,60
h 380
34,6

= = 0,0226
Peff = 100 x 15,3

The second generation Eurocodes: key changes and benefits through design examples
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Verification of cracking

Strain of steel with respect to concrete:

2,89
0,0226

kt fct,eff

J —_—
s Peff

X (1+ aeposs) 298 — 04

X (1 + 6,25 % 0,0226)

£ — £
sme e E. 200000

Crack spacing:

=1,20x 1073

Wi cat = kwk1Sym(Esm — €em) = 1,7 X 1,20 X 148 x 1,20 x 1073 = 0,36 mm

r

h—x 380-—100

k=TT 333100

Nl

The second generation Eurocodes: key changes and benefits through design examples
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Verification of deflections (side span)

Simplified method — 9.3.3
0 =k [5loads + ksgecs]

Iy 1 I, ,

Ier 06 (dy? kr={—+1-(  ks=455p; —35p; + 16
27 (eerp) (%) cr
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Verification of deflections (side span)
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Verification of deflections (side span)

E,
Mg ef L. 1+ ) 105 %32 (1+217) =18,87 Ig _ —— = 305
cr ﬂ',ﬁ
B 10,66 000 2,7(18,87 x 0,0032) (_380)
P=T00x33

I
k;=(Ii+1—§’=0,97><3,05+1—0,97=2,99

cr

ks = 455p? — 35p, + 1,6 = 455 X 0,00322 — 35 X 0,0032 + 1,6 = 1,49

§ = ki|610ads + ksbe..| = 2,99[7,9 + 1,49 X 2,0] = 32,53 mm

L 8130

ﬁ _ﬁ = 32,52 mirn
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Vertical structure: global second order effects

Global second order effects can be neglected if the buckling load of the

bracing structure is larger than ten times the total vertical load acting on
the structure:

F
VB < 10

FyEa

58 The second generation Eurocodes: key changes and benefits through design examples
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Vertical structure: global second order effects

New way of determining the effective creep coefficient for global:

Due to the symmetry of the structure the horizontal deflection due to
guasipermanent loads will be nil.
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Vertical structure: global second order effects

The global buckling load can be determined with the updated formulation:

K9
. 7.8n, 1 ElL, 78x4 1 77186400 o oo 5N 4. 00
B +1,6441+39f; L2 4+161+39x0,10 14.692 O/ v
9500f% 9500 x 381/3
E.gq= Jom_ _ = 26616 MPa i \
YcE 1,2
k.E.,l.  0/4X26616000 X 7,25 o
=_cedc _ = 77186400 kNm? - O
1+ Qoeff,s 140 ﬂ:.
0,25 :
Fyp 123772 @
= =11,58 > 10
Fypqg 1433669 120
)

Global buckling second order effects may be neglected -

The second generation Eurocodes: key changes and benefits through design examples
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Vertical structure: local second order effects

Slenderness limit:

ABC 0,81 x 1,38 X 2,2 lp, 0,56 X 4 X V12
i = 20~ =20 = = 49,18 2= TO = - — 25,86
o =y Moggy _ , (57174 _
Eff,b MOEd ’ 10589 '

1

A= = = 0,81
1+02¢,., 1+02x118

6m10-% 500 1,5

B=vVit2o= |1+2 —138
@ J 0302 1,15 30

C=17+05=22
1793
=10

n—e— =
30000 __,
1503

Local buckling second order effects may also be neglected
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Punching verification

Punching verification will be most critical for the upper storey, because
there the size of the columns will be the smallest, but the load transferred

by the slab to the supports will be the same.

k&)
be

477.961 1339.4599 1006. 246 1023.841 1155.532 353.396

62
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Punching verification — Design shear stress

1  slabedge dv = 0,33 m
2 supportingarea bos=4X03+2mx05x0,33=224m
Ve 1339,5
Tea = Pe = 2084 kPa

2% —1,15
bosd, 2,24 % 0,33

(*) Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI) No other use of this material is permitted. British Standards can be
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Punching verification — Resistance without reinf.

1 1
——k,, [ 100 dag)’ _ 06 (100 0,01 X 30— )§ 1455 kP
= == h.¢ , X _— =
TRd,c Vo pb Pifek —— d, ~15 330 a
dgg =16 + 20 = 36 mm
k., = 3,6 |1 0 36 1-22% _ous<as
p*’_’w bof,_’w~J 224 ~ T

Punching reinforcement is required
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Punching verification — Dimensioning

TRd,cs = TEd = NcTRd,c T nspwfywd = pwfywd
TEd — NcTRd,c _ 2094 — 0,70 x 1455

Pw =
Nsfowd 500000
S/yw 0,75 X 115

Agy = PwS;S, = 0.0033 X 20 X 20 = 1,32 cm2@0.20 X 0.20

= 0.0033

TRd.c 14‘55
= -Rdc _ = 0,70
e = = 2084

_ 4 +( 15 dag\"*( 1 \* __330 (15 > )Uz( : )3;2
s = 1504, d, ] \nckp) — 150x 12 330/ \0,70 x 2,45
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