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I Performance characteristics of concrete

A Site relevant (robust) fresh concrete
properties

A Mechanical properties
(Compressive strength etc.)

A Durability performance

) vdz.



Validation of durability performance for concrete

Performance based on

Testing (laboratory) Calculation
I \4 ' l 9 . 2 B’HI'/"'/

Description/ Assessment background/ Limit state
deemed-to-satisfy (DTS) rules limit values
A EN 206 + NAR A Test procedures A Models
A Exposure classes A CEN/TR 16563 Afib Model Codeg
A min ¢, max wic A European technical ~Designh
A ¢, etc. assessment (EAD/ETA) A 1S0O 16204
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I Validation of durability performance for concrete

Performance based on

Testing (laboratory) Calculation

Description/

Assessment background/

deemed-to-satisfy (DTS) rules limit values Limit state

A EN 206 + NAR A Test procedures A Models

A Exposure classes A CEN/TR 16563 Afib Model Cod
A min c, max w/c A European technical ~Designin

A c, etc. assessment (EAD/ETA) A 1S0O 16204

197
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Recommended limiting values for concrete in EN 206

Exposure classes

Carbonation-induced corrosion

Chloride-induced corrosion
XS = Sea water
XD = Chloride from other
than from sea water

Maximum wi/c 0.65 0.60 0.55 0.50 ggg ggg 0.45
gﬂtlrgl:é?# rc?lass C20/25 | C25/30 | C30/37 | C30/37 | C30/37 ggggg C35/45
g/leirr]rilrenrl\{[rZontent kg/m3 260 280 280 300 300 238 238

Minimum
air content %
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I Recommended limiting values for concrete in EN 206

Exposure classes

Carbonation-induced corrosion

Chloride-induced corrosion
XS = Sea water
XD = Chloride from other
than from sea water

X1 ‘ X2 ‘

“National Ap

cAa

XS1 | XS2 | XS3

plication Rules

Miniumum C35/45

strength class C20/25 | C25/30 | C30/37 | C30/37 | C30/37 C30/37 C35/45
Minimum 320 340
cement content kg/ms3 260 280 280 300 300 300 320
Minimum _ ) } ) _ _ _
air content %
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Cement application in the EU: Examples for XF1

min.
State max. c
W/Ce

kg/m3
Austria 0.55 300
Belgium 0.55 300
Denmark 0.55 150
France 0.60 280
Germany 0.60 280
Italy 0.50 320
Netherlands 0.55 300
United Kingdom 0.60 280

7

CEM I

L/LL

CEM I

not 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

min. cEv CEMIIl | CEMIV | CEMV
State vT/?:):q c CfM S L/LL M

kg/m3

Austria 0.55 300

Belgium 0.55 300

Denmark 0.55 150 *

France 0.60 280

Germany 0.60 280

ltaly 0.50 320

Netherlands 0.55 300

United Kingdom 0.60 280

not mentioned - use allowed - with limitations - use not allowed

* under severe and very severe conditions (e3 g. X d 4
. VAZ.



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

Experience

A
A
A

11

locally available materials
ambient conditions

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

Experience Performance criteria
A locally available materials A Fresh concrete properties
A ambient conditions A Compressive strength

A local design/building tradition

vdz.
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I Well-tried and proven in practice

Experience Performance criteria
A locally available materials A Fresh concrete properties
A ambient conditions A Compressive strength

A local design/building tradition

Status-quo (CEN/TC104/SC1 N1040)

A No CEN Member Country operates a system where the specification of
carbonation resistance, chloride resistance and freeze-thaw resistance

IS only based on tests.

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

Performance based on

Testing (laboratory) Calculation

Description/ Assessment background/ Limit state
deemed-to-satisfy (DTS) rules limit values
A EN 206 + NAR A Test procedures A Models
A Exposure classes A CEN/TR 16563 Afib Model Codeg
A min ¢, max wic A European technical ~Designh
A ¢, etc. assessment (EAD/ETA) A 1S0O 16204
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I Validation of durability performance for concrete

Performance based on
Testing (laboratory) Calculation

Description/ Assessment background/ Limit state
deemed-to-satisfy (DTS) rules limit values
A EN 206 + NAR - New materials without A Models
A Exposure classes long term experience Afib Model CodeEg
A min ¢, max w/c - Special conditions (e.g. ~Designh
A c., etc. ASR) A 1S0O 16204

5 vdz.



Which properties must be proven?

Application Properties to be checked

) ) A Suitable (robust) fresh concrete properties
Interior components in exposure class XC1 (dry) ) _ _ _
A Mechanical properties (Compressive strength etc.)

Exposure class |Risk of corrosion/cracking due to carbonation during

- the service life

XC1 Concrete will carbonate rapidly, but the rate of corrosion is
(indoor air) too slow to cause cracking

5 vdz.



Which properties must be proven?

Application Properties to be checked

) ) A Suitable (robust) fresh concrete properties
Interior components in exposure class XC1 (dry) ) _ _ _
A Mechanical properties (Compressive strength etc.)
_ _ A Suitable (robust) fresh concrete properties
Components_ln S Eless S0 of Bxdetior A Mechanical properties (Compressive strength etc.)
components in exposure class XC4/XF1 ) _
A i1 f proven: AStrength is

Exposure class |Risk of corrosion/cracking due to carbonation during

the service life

XC1 Concrete will carbonate rapidly, but the rate of corrosion is
(indoor air) too slow to cause cracking

\\‘)

N

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

K

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

Passive / moderate conditions de_
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Compressive strength Aas a pr ox
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Compressive

Carbonation depth in mm
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Compressive strength after pre-storage in MPa

strength Aas a

Source evaluation background:

A CEN/TR 16563, Annex B (August 2013) and
A 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 % CO, concentration
0/8 mm aggregate

Ppr ox

Carbonation to some extend a function of strength
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Compressive

Loss of mass after 100 FTW in M.-%
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Compressive strength after 28d in MPa

strength Athaw (4FL)pr o x

Source of data:

Christoph Muller, Eberhard Lang: Durability of Portland limestone and
Portland composite cements CEM II-M (S-LL)

beton 55 (2005), Heft 3 S.131-138, Heft 4 S.197-202, Heft 5 S.266-269

Source of XF1 assessment:
Siebel, Eberhard: Freeze-thaw resistance of concrete without and with
de-icer- evaluation with the cube test, Beton 42, 1992

Exposure [Description of the environment
class

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 de_




Recommended limiting values for concrete in EN 206

Exposure classes

o . Freeze/thaw attack with
Carbonation-induced corrosion ) .
or without de-icing agents

XC1 XC2 XC3 XC4 XF1 XF2 XF3 XF4
Maximum wi/c 0.65 0.60 0.55 0.50 0.55 0.55 0.50 0.45
Miniumum C20/25 | C25/30 | C30/37 | C30/37 | C30/37 | C25/30 | C30/37 | C30/37
strength class
Minimum 260 280 280 300 300 300 320 340
cement content kg/m3
Minimum
air content % : : : : : 1 i i
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I Clinker efficient cements 1T extension of EN 197 -1

Under

0
2
K2 ¢ ¢ 23 & ¢ % @& 2 % ollL

22

standardization

The European cement standard:
K-S-LL cements as example

Ve

A standard describes cements with well
tried and proven constituents

A they provide for robust and durable
concretes

A 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

vdz.



Cement content and clinker efficiency in concrete

CO, intensity [kg COzl(mSMPa)]
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source: data and evaluation VDZ, strength class distribution BTB
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Concrete

strength
class

C8/10
C12/15
C16/20
C20/25

C25/30

C30/37

C35/45

C45/55
C50/60

Marketshare
% Germany
2016

1.0

6.8

1.9
14.4

39.8

21.4

11.2

0.6
0.3

min. in
Exposure
Class

XC1, XC2
XC3

XC4, XF1, XF2,
XF3, XAl

Vv
XS1, XD1, XF4 ~

XS/D 2, 3,
XA 2,3

| ~ 64 % = 32 Mio m?
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Cement content and clinker efficiency in concrete

CO, intensity [kg COQ/(mSMPa)]
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Concrete compressive strength [MPa]

source: data and evaluation VDZ

A CEM II/B-LL cements and
CEM II/C cements:

i at | east I
outdoor concretes
(approx. 65% of all in-situ
concrete in Germany)

A Reduction potential of the CO,
intensity approx. 25%

ndoor
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Which properties must be proven?

Application

Properties to be checked

A Suitable (robust) fresh concrete properties
Components in exposure classes XF2/XF3/XF4 A Comoressive strenath
XD2/XD3, XS2/XS3, XA2, XA3 P J

A Durability tests (strilr
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Pictures: Rolf Breitenbiicher, https://baustoffingenieurwissenschaft.wordpress.com/
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