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Performance characteristics of concrete 
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Á Site relevant (robust) fresh concrete 

properties

Á Mechanical properties

(Compressive strength etc.)

Á Durability performance



Validation of durability performance for concrete

Experience Testing (laboratory)

Description/

deemed-to-satisfy (DTS) rules

Assessment background/

limit values

Calculation

Limit state

Performance based on

Á EN 206 + NAR

Á Exposure classes 

Á min c, max w/c

Á cmin etc.

Á Test procedures

Á CEN/TR 16563

Á European technical 

assessment (EAD/ETA)

Á Models

Á fib Model Code ĂService Life 

Designñ

Á ISO 16204
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Recommended limiting values for concrete in EN 206

Exposure classes  

Maximum w/c

Miniumum

strength class

Minimum 

cement content kg/m³

XC1 XC2 XC3 XC4
XS1

XD1

XS2

XD2

XS3

XD3

Carbonation-induced corrosion 

Chloride-induced corrosion

XS = Sea water 

XD = Chloride from other 

than from sea water

0.65 0.60 0.55 0.50
0.50

0.55

0.45

0.55
0.45

C20/25 C25/30 C30/37 C30/37 C30/37
C35/45

C30/37
C35/45

260 280 280 300 300
320

300

340

320

Minimum 

air content %
- - - - - - -
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Recommended limiting values for concrete in EN 206

Exposure classes  

Maximum w/c

Miniumum

strength class

Minimum 

cement content kg/m³

XC1 XC2 XC3 XC4
XS1

XD1

XS2

XD2

XS3

XD3

Carbonation-induced corrosion 

Chloride-induced corrosion

XS = Sea water 

XD = Chloride from other 

than from sea water

0.65 0.60 0.55 0.50
0.50

0.55

0.45

0.55
0.45

C20/25 C25/30 C30/37 C30/37 C30/37
C35/45

C30/37
C35/45

260 280 280 300 300
320

300

340

320

Minimum 

air content %
- - - - - - -
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National Application Rules



Cement application in the EU: Examples for XF1

State
max. 

w/ceq

min. 

c CEM 

I

CEM II
CEM III CEM IV CEM V

S L/LL M

kg/m³ A B A B A B A B A B A B

Austria 0.55 300 x x x x (x) x (x) x (x)

Belgium 0.55 300 x x x x x x x x x (x)

Denmark 0.55 150 (x) (x)

France 0.60 280 x x x x x x x x x x x x x

Germany 0.60 280 x x x x ǒ (x) (x) x x ǒ (x) (x) (x)

Italy 0.50 320 x x x x x x x x x x x x x

Netherlands 0.55 300 x x x (x) (x) (x) (x) x x (x) (x) (x) (x)

United Kingdom 0.60 280 x x x x x x x (x) (x)

x (x) ǒnot mentioned use allowed with limitations * use not allowed 

* an (x) Indicates that there are qualifications, e.g. types of main constituents
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Cement application in the EU: Examples for XF1
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max. 
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Cement application in the EU: Examples for XF1

State
max. 

w/ceq

min. 

c CEM 

I

CEM II
CEM III CEM IV CEM V

S L/LL M

kg/m³ A B A B A B A B A B A B

Austria 0.55 300 x x x x (x) x (x) x (x)

Belgium 0.55 300 x x x x x x x x x (x)

Denmark 0.55 150 * (x) (x)

France 0.60 280 x x x x x x x x x x x x x

Germany 0.60 280 x x x x ǒ (x) (x) x x ǒ (x) (x) (x)

Italy 0.50 320 x x x x x x x x x x x x x

Netherlands 0.55 300 x x x (x) (x) (x) (x) x x (x) (x) (x) (x)

United Kingdom 0.60 280 x x x x x x x (x) (x)

x (x) ǒnot mentioned use allowed with limitations use not allowed 
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* under severe and very severe conditions (e. g. XF3/XF4) minimum fines content Ó 375 kg/m3



Well-tried and proven in practice
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Well-tried and proven in practice

Experience

Á locally available materials

Á ambient conditions

Á local design/building tradition
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Well-tried and proven in practice

Experience

Á locally available materials

Á ambient conditions

Á local design/building tradition

Performance criteria

Á Fresh concrete properties

Á Compressive strength
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Well-tried and proven in practice

Experience

Á locally available materials

Á ambient conditions

Á local design/building tradition

Performance criteria

Á Fresh concrete properties

Á Compressive strength

Status-quo (CEN/TC104/SC1 N1040)

Á No CEN Member Country operates a system where the specification of

carbonation resistance, chloride resistance and freeze-thaw resistance

is only based on tests.

Á Switzerland has both performance requirements and limiting values.
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Validation of durability performance for concrete

Experience Testing (laboratory)

Description/

deemed-to-satisfy (DTS) rules

Assessment background/

limit values

Calculation

Limit state

Performance based on

Á EN 206 + NAR

Á Exposure classes 

Á min c, max w/c

Á cmin etc.

Á Test procedures

Á CEN/TR 16563

Á European technical 

assessment (EAD/ETA)

Á Models

Á fib Model Code ĂService Life 

Designñ

Á ISO 16204
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Validation of durability performance for concrete

Experience Testing (laboratory)

Description/

deemed-to-satisfy (DTS) rules

Assessment background/

limit values

Calculation

Limit state

Performance based on

Á EN 206 + NAR

Á Exposure classes 

Á min c, max w/c

Á cmin etc.

- New materials without 

long term experience

- Special conditions (e.g. 

ASR)

Á Models

Á fib Model Code ĂService Life 

Designñ

Á ISO 16204
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Which properties must be proven?

Application Properties to be checked

Interior components in exposure class XC1 (dry)
Á Suitable (robust) fresh concrete properties

Á Mechanical properties (Compressive strength etc.)

Exposure class Risk of corrosion/cracking due to carbonation during 

the service life

XC1

(indoor air)

Concrete will carbonate rapidly, but the rate of corrosion is 

too slow to cause cracking
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Which properties must be proven?

Application Properties to be checked

Interior components in exposure class XC1 (dry)
Á Suitable (robust) fresh concrete properties

Á Mechanical properties (Compressive strength etc.)

Components in exposure class XC3 or exterior 

components in exposure class XC4/XF1

Á Suitable (robust) fresh concrete properties

Á Mechanical properties (Compressive strength etc.)

Á if proven: ĂStrength is a proxy for durabilityñ 

Exposure class Risk of corrosion/cracking due to carbonation during 

the service life

XC1

(indoor air)

Concrete will carbonate rapidly, but the rate of corrosion is 

too slow to cause cracking

XC3 More rapid carbonation than in XC4 but a slower rate of 

corrosion

XC4 Slower rate of carbonation than in XC3 but a more rapid 

rate of corrosion
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Passive / moderate conditions



Compressive strength Ăas a proxyñ for carbonation

Source:

Tilo Proske, Moien Rezvani, Sebastian Palm, 

Christoph Müller, Carl-Alexander Graubner:

Concretes made of efficient multi-composite

cements with slag and limestone

Cement and Concrete Composites 89 (2018) pp 

107-119

Carbonation test acc. to EAD 15001-00-0301

No 15, Method 1:

7d pre-storage

140d 20 °C/65 % r. H.

0.04 % CO2 concentration

0/8 mm aggregate
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Compressive strength Ăas a proxyñ for carbonation

Source evaluation background:

Å CEN/TR 16563, Annex B (August 2013) and

Å EAD 15001-00-0301

Carbonation test acc. to EAD 15001-00-0301

No 15, Method 1:

7d pre-storage

140d 20 °C/65 % r. H.

0.04 % CO2 concentration

0/8 mm aggregate
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Compressive strength Ăas a proxyñ for freeze-thaw (XF1)

0

5

10

15

20

25

20 25 30 35 40 45 50 55 60 65 70

Druckfestigkeit 28 d in N/mm²

Daten VDZ; CEM I - CEM II

100 % K

20 % LL

25 % LL

30 % LL

30 % LL; 5 % S

M
a

s
s
e

v
e

rl
u

s
t 
n

a
c
h

 1
0

0
 F

T
W

 i
n

 M
.-

%

XF1XF1

Data:
Source of data:

Christoph Müller, Eberhard Lang: Durability of Portland limestone and 
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Siebel, Eberhard: Freeze-thaw resistance of concrete without and with 
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Exposure

class

Description of the environment

XF1 Moderate water saturation, without de-icer

Freeze-thaw test acc. to EAD 15001-00-0301

No 17, Method 1: Cube test acc. to CEN/TS 12390-9;

Freeze-thaw resistance with moderate water saturation to some extend a function of strength



Recommended limiting values for concrete in EN 206

Exposure classes  

Maximum w/c

Miniumum

strength class

Minimum 

cement content kg/m³

XC1 XC2 XC3 XC4

Carbonation-induced corrosion 

0.65 0.60 0.55 0.50

C20/25 C25/30 C30/37 C30/37

260 280 280 300

Minimum 

air content %
- - - -
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Freeze/thaw attack with

or without de-icing agents

XF1 XF2 XF3 XF4

0.55 0.55 0.50 0.45

C30/37 C25/30 C30/37 C30/37

300 300 320 340

- 4.0 4.0 4.0



Clinker efficient cements ïextension of EN 197 - 1

Under 

standardization
The European cement standard: 

K-S-LL cements as example

Á standard describes cements with well 

tried and proven constituents

Á they provide for robust and durable 

concretes

Á concrete standards are national and set 

the framework for application

CEM II/C and CEM II/B-LL cements are at least 

fit for use in indoor and normal outdoor concrete
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Cement content and clinker efficiency in concrete

CO2 intensity of concretes

source: data and evaluation VDZ, strength class distribution BTB

Concrete

strength 

class

Marketshare

% Germany 

2016

min. in 

Exposure

Class

C8/10 1.0 X0

C12/15 6.8 ---

C16/20 1.9 XC1, XC2

C20/25 14.4 XC3

C25/30 39.8
XC4, XF1, XF2, 

XF3, XA1

C30/37 21.4 XS1, XD1, XF4

C35/45 11.2
XS/D 2, 3,

XA 2,3

C45/55 0.6 ---

C50/60 0.3 ---
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Cement content and clinker efficiency in concrete

CO2 intensity of concretes

24
source: data and evaluation VDZ

Á CEM II/B-LL cements and

CEM II/C cements:

ï at least indoor and ñnormalò 

outdoor concretes

(approx. 65% of all in-situ 

concrete in Germany)

Á Reduction potential of the CO2

intensity approx. 25%



Einstufung BBQ-Klassen (exemplarisch, Entwurf)
Which properties must be proven?

Pictures: Rolf Breitenbücher, https://baustoffingenieurwissenschaft.wordpress.com/

Application Properties to be checked

Components in exposure classes XF2/XF3/XF4 

XD2/XD3, XS2/XS3, XA2, XA3

Á Suitable (robust) fresh concrete properties

Á Compressive strength

Á Durability tests (strength Í durability)
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