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Introduction OBJECTIVES OF REVISION

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)
✓ 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 I)
➢ 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

✓ Incorporate new knowledge
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Introduction STRUCTURE

Document structure:

✓ Document structure is the same for all Eurocodes
1. Introduction 10. Fatigue
2. Normative references 11. Detailing of reinforcement and post-tensioning tendons
3. Terms, definitions and symbols 12. Detailing of members and particular rules
4. Basis of design 13. Additional rules for precast concrete elements and structures
5. Materials
6. Durability and concrete cover
7. Structural Analysis
8. Ultimate Limit States (ULS)
9. Serviceability Limit States (SLS) 

✓ Part 1-1: Eurocode 2 - Design of concrete structures - Part 1-1: General rules and rules for buildings, bridges and civil 
engineering structures -> no independent bridge part, to emphasize that design of concrete is the same no matter the 
type of structure it is used in:

✓ Help keep models consistent
✓ Avoid object-oriented design
✓ Improve ease-of-use
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Introduction WEALTH OF BACKGROUND INFORMATION

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

1. and explained:

EN 1992-1-1: 878 pages
EN 1992-1-2: 389 pages
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Introduction WEALTH OF BACKGROUND INFORMATION

Also, there have been several diffusion initiatives. For example, this monographic number of Hormigón y Acero gives a 
nice overview of changes introduced with respect to EN 1992-1-1:2004. It is in English and free to download.

Vol. 74 Number 299-300 (2023): Hormigón y Acero
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Key changes to EN 1992-1-1 LIST OF SIGNIFICANT CHANGES

Most relevant changes in EN 1992-1-1:

✓ 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
✓ Modifications to cracking model to reduce scatter - improved sustainability
✓ Accounting for LL/TL in deflections explicitly
✓ 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 EN 1992-1-1 4 .BASIS OF DESIGN

(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.
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Key changes to EN 1992-1-1 5. MATERIALS

Reference compressive strength can be defined at ages between 28 and 91 days -> meant to favour green concretes
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Key changes to EN 1992-1-1 5. MATERIALS

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

✓ Addresses overestimation of compressive strength in columns for high strength concrete
✓ Simplifies the definition of constitutive laws for concrete (c0=0.20% and cu=0.35% for all concrete strengths)
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Key changes to EN 1992-1-1 5. MATERIALS

Introduction of a brittleness factor in the definition of the design concrete strength (5.1.6):
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Key changes to EN 1992-1-1 6. DURABILITY AND CONCRETE COVER

Durability: Exposure resistance classes: a performance-based approach

Exposure resistance classes for resistance against corrosion induced by CARBONATION:
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Key changes to EN 1992-1-1 6. DURABILITY AND CONCRETE COVER

Durability: Exposure resistance classes: a performance-based approach

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

𝐶 𝑥, 𝑡 = 𝐶𝑖 + (𝐶𝑠 − 𝐶𝑖) 𝑒𝑟𝑓𝑐
𝑥

𝐷𝑎𝑝𝑝 𝑡 𝑡

0.6 = 0.05 + 3.55 − 0.05 𝑒𝑟𝑓𝑐
𝑑𝑙𝑐

𝐷𝑎𝑝𝑝 𝑡 𝑡

𝑒𝑟𝑓𝑐
𝑑𝑙𝑐

𝐷𝑎𝑝𝑝 𝑡50 𝑡50
=
0.05

3.55
→

𝑑𝑙𝑐

𝐷𝑎𝑝𝑝 𝑡50 𝑡50
= 1
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Key changes to EN 1992-1-1 6. DURABILITY AND CONCRETE COVER

Durability: Exposure resistance classes: a performance-based approach
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Key changes to EN 1992-1-1 6. DURABILITY AND CONCRETE COVER

Durability: Exposure resistance classes: a performance-based approach
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Key changes to EN 1992-1-1 7. ANALYSIS

Rotation capacity

Need for change:

✓ With the current proposal for factor cc, the ultimate strain of concrete is not a 
function of the concrete strength anymore, so there is no compelling need for the 
curves in Figure 5.6N of EN1992-1-1:2004 to be dependent on the concrete 
strength.

✓ The curves of Figure 5.6N do not seem to be totally correct, since for high values of 
the xu/d ratio, the rotation capacity should be independent of the steel class since 
failure occurs by crushing of concrete.

✓ It is not fully transparent how the curves of Figure 6.6N have been derived. There 
is very limited background information which does not provide information on the 
how, for instance, tension stiffening effects were considered what the refined 
curves look like or how the simplified bi-linear law shown of Figure 5.6N was 
derived.

✓ There is no information available regarding the model uncertainty factor that was 
applied to produce this graph and no information regarding how it fits with 
experimental data.

✓ There is no information regarding the limits of validity of this simplification.
✓ EN 1992-1-1:2004 does not account for the size effect which has been shown 

by tests to be a major variable to predict rotation capacity (see, for instance, [C07-
8]).
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Key changes to EN 1992-1-1 7. ANALYSIS

Rotation capacity
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Key changes to EN 1992-1-1 7. ANALYSIS

Rotation capacity
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Key changes to EN 1992-1-1 8.2 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
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Key changes to EN 1992-1-1 8.2 SHEAR

Shear in members without shear reinforcement:

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

Need for iterations to determine failure point (intersection)
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Key changes to EN 1992-1-1 8.2 SHEAR

Shear in members without shear reinforcement:

Location of control sections
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Key changes to EN 1992-1-1 8.2 SHEAR

Shear in members without shear reinforcement:

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



Alejandro Pérez Caldentey
17/09/2024

stufib
Online 17/09/202424

Key changes to EN 1992-1-1 8.2 SHEAR

Shear in members without shear reinforcement:

Refinement of the mechanical of the CSCT, allows a closed-form solution
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Key changes to EN 1992-1-1 8.2 SHEAR

Shear in members without shear reinforcement:

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



→

acs=4d
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Key changes to EN 1992-1-1 9.2 CRACKING

Changes in verification of cracking:

Mean crack spacing:

/
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Key changes to EN 1992-1-1 9.2 CRACKING

The need for a cover term – experimental evidence is unquestionable:

/eff=460

/eff=473
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Key changes to EN 1992-1-1 9.2 CRACKING

Bending vs tension:

(h-x)/3 and coefficient kfl

Effect of stress distribution – Coefficient kfl

Section of no-slipcrack

bm

fctm
ls,tension

Section of no-slip
crack

bm

fctm

ls,flexure
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Key changes to EN 1992-1-1 9.2 CRACKING

Bending vs tension: when kfl is introduced, there is no need for the (h-x)/3 limit for the effective area -> New definition of 
Ac,eff
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Key changes to EN 1992-1-1 9.2 CRACKING

Bending vs tension:

(h-x)/3 and coefficient kfl

    FprEN 1992-1-1:2022 MC 2010 EN 1992-1-1:2004 

BEAMS 

Measured mean crack 
spacing (mm) 

Predicted mean crack spacing (mm) 

B T 
Inc.  

(T-B)/B 
B T 

Inc.  
(T-B)/B 

B T 
Inc.  

(T-B)/B 
B T 

Inc.  
(T-B)/B 

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 0.23 243 309 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 EN 1992-1-1 9.2 CRACKING

Effect of curvature:

y = 1.169x
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Key changes to EN 1992-1-1 9.2 CRACKING

Better modelling → reduction in scatter → improved sustainability (more reinforcement only when actually necessary)

Statistics of calibration data set:

Flexure Tension Flexure Tension Flexure Tension

nº of tests 37 36 37 36 37 36

(
2/N) 38.28 37.96 35.25 83.01 29.01 30.97

min(sm,model/sm,exp)=0.46 0.51 0.60 0.68 0.53 0.67

max(sm,model/sm,exp)=1.78 1.51 1.74 2.04 1.47 1.34

m = 1.04 1.05 1.08 1.43 1 1.01

 = 0.29 0.22 0.27 0.30 0.24 0.158

COV = 27.68% 21.18% 24.69% 21.25% 23.57% 15.62%

MC 2010 New proposal

M
o

d
e

l/
M

e
a

s
u

re
d

EN 1992-1-1:2004
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Key changes to EN 1992-1-1 9.2 CRACKING

Better modelling → reduction in scatter → improved sustainability (more reinforcement only when actually necessary)

Statistics of test data set (independent – post-tested)

MC 2010 EN 1992-1-1:2004 New proposal

nº of tests 144 144 144

(
2/N) 26.97 26.30 23.55

min(sm,model/sm,exp)=0.54 0.51 0.53

max(sm,model/sm,exp)=1.87 1.63 1.76

m = 1.05 0.99 1.04

 = 0.24 0.24 0.2

COV = 23.04% 24.56% 18.85%

Test data set (flexure)
M

o
d

e
l/

M
e

a
s
u

re
d
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Key changes to EN 1992-1-1 9.3 DEFLECTIONS

Account explicitly for influential, but previously implicit, variable – Live Load/Total Load + Slabs
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Key changes to EN 1992-1-1 9.3 DEFLECTIONS

Simplified calculation of deflections:

✓ Deflection:
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Key changes to EN 1992-1-1 11.4 ANCHORAGE OF REINFORCING STEEL IN TENSION AND COMPRESSION

Development length:
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Key changes to EN 1992-1-1 11.4.7 ANCHORAGE OF HEADED BARS IN TENSION

Anchorage of headed bars – formulation based on a physical model:
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Key changes to EN 1992-1-1 Annex A

Adjustment of partial factors for materials (Annex A):
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Key changes to EN 1992-1-1 Annex A

Adjustment of partial factors for materials (Annex A):
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Key changes to EN 1992-1-2 LIST OF SIGNIFICANT CHANGES

Most relevant changes:

✓ How to deal with stainless steel
✓ Residual resistance of concrete after a fire
✓ 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 EN 1992-1-2 5. MATERIAL PROPERTIES

Properties of stainless steel reinforcement at elevated temperatures :
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Key changes to EN 1992-1-2 5. MATERIAL PROPERTIES

Cooling phase 5.3.1.1 (5):
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Key changes to EN 1992-1-2 6. TABULATED DESIGN DATA

Analysis levels:

✓ Tabulated methods (Section 6)
✓ Method A for columns
✓ Method B for columns

✓ Simplified method (section 7)
✓ Simplified verification
✓ Refined verification

✓ Refined methods
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Key changes to EN 1992-1-2 6. TABULATED DESIGN DATA

Analysis levels:

Example of tabulated method:

Limits of minimum width and cover 
to centre of bar as a function of 
required fire resistance, and load 
level 
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Key changes to EN 1992-1-2 7. SIMPLIFIED DESIGN METHODS

Simplified method

1. Determination of temperatures

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

2. Structural analysis
✓ Calculation of the reduced cross-section (determination of the parameter az). For simple cases it is given 

directly. For more refined calculations, in the case of bending, the az 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 
Acij. 

✓ Verification of the structural behaviour:
I) 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
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Key changes to EN 1992-1-2 5. MATERIAL PROPERTIES

Simplified method: Deduction of rim area
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Key changes to EN 1992-1-2 10. RULES FOR SPALLING

Specific rules for spalling
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CONCLUDING REMARKS

EN 1992:2023 is a significant advance with respect to EN 1992:2004

The focus has been on:
✓ Improving ease-of-use
✓ Implementing consistent mechanical models
✓ Reducing Nationally determined parameters
✓ Updating the code to the State-of-the-Art
✓ Widening the scope to incorporate new materials and building techniques

It has been an enormous effort taking over 10 years of work

It is also the first time that background information is available to help others understand the reasons for all the major 
changes that were made

I think, as Europeans, we should be proud of what has been achieved: the revision and updating of a consistent set of 
standard which allows us to design all types of structures with increased convergence. 

CONCLUSIONS
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