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Introduction

• Contexte général

– CEN/TC 51 – E051 – E104

– Période révolutionnaire

– Exigence sociétale

– Prendre conscience

– les SCM traditionnels

• Liants alternatifs



CEM X

• Programme de recherche avec Lafarge

• ° 2007

• 2008: Début du projet

• K-S-L cementen



« CEM X »

CEN TC51 WG6 

Ad Hoc Group
Convenor :

Billy LEBON

2010/05/06
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6/63

TEST PROGRAM 

Industrial Productions

5 « CEM X » Compositions

Phase 2Phase 1
Constituent

EEDDCCBBAA

2025644220K [%]

5050304050S [%]

302561830LL [%]



TEST PROGRAM 

Cement Characterisation

• CHEMICAL

• Mineralogical composition of cements

• Chemical composition of cements

• MECHANICAL

• Physical properties of cements

• Mechanical properties of mortars



CHEMICAL COMPOSITION CONSTITUENTS 
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CEMX BB

Chemical Composition Constituents (XRF)

35.9227.0450.7840.7365.4552.41CaO content (%)

0.440.431.5335.7019.8222.78SiO2 content (%)

0.170.200.4211.635.917.15Al2O3 content (%)

0.420.050.070.234.171.96Fe2O3 content (%)

59.2046.250.151.300.753.25SO3 content (%)

0.150.042.959.340.734.32MgO content (%)

0.010.000.000.540.340.37TiO2 content (%)



CHEMICAL COMPOSITION CONSTITUENTS 
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CEMX BB

0.010.000.010.470.110.21Mn2O3 content (%)

0.030.380.010.030.460.19P2O5 content (%)

0.051.230.040.080.150.12SrO content (%)

0.020.040.050.410.710.45K2O content (%)

0.030.130.000.250.390.27Na2O content (%)

0.040.160.030.520.860.57Na2Oeq content (%)

Chemical Composition Constituents

2.3123.4043.340.670.587.09Loss on ignition [%]

0.470.6243.220.120.156.93CO2 content [%]



CHEMICAL COMPOSITION 

OF CEMX CEMENTS
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13.7811.492.687.0912.27Loss on ignition [%]

0.480.510.320.330.51Insoluble residue [%]

13.3811.112.346.9312.36CO2 content [%]

0.0490.0500.0080.0090.012Cl- content [%]

0.470.480.300.370.44S2- content [%]

2.662.843.092.752.26
SO3 content [%]

(gravimetric method)

195218328237111
Heat of hydration [J/g]

(Langavant method – 41h)

176194277225159
Heat of hydration [J/g]

(Dissolution method)



CHEMICAL COMPOSITION 

OF REFERENCE CEMENTS
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2.0210.447.092.13Loss on ignition [%]

1.031.540.530.66Insoluble residue [%]

1.589.47.531.62CO2 content [%]

0.0410.0350.0370.037Cl- content [%]

0.580.010.150.01S2- content [%]

3.063.032.692.74
SO3 content [%]

(gravimetric method)

171272283328
Heat of hydration [J/g]

(Langavant method  41h)

185266265293
Heat of hydration [J/g]

(Dissolution method)



MECHANICAL PROPERTIES ON MORTARS
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PHYSICAL PROPERTIES 

OF CEMENTS (Blaine fineness)
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CEMENT CHARACTERISATION

Phase 1 – Phase 2 - Conclusions

 Resistance class of CEMX CC: 

42.5N; 42.5R; 52.5N;

 Resistance class of CEMX BB: 

32.5N; 32.5R; 42.5N;

 Resistance class of CEMX DD: 

32.5N; 32.5R; 42.5N; 

 Resistance class of CEMX EE (former CEMX AA): 
32.5N.



COMPARATIVE 

MECHANICAL TESTS ON CONCRETE

PHASE 1



TEST PROGRAM 

Comparative Mechanical Performances on 

Concrete

• Density of hardened concrete
• Compressive strength on cubes

• Elasticity modulus and compressive strength 
• Tensile splitting strength

• Tensile bending strength
• Creep

• Shrinkage



TEST PROGRAM  

Concrete Composition to be Tested

340300 CEMENT (kg/m3)

0.450.60
W/C

(kg/kg)

C35/45C20/25
STRENGTH CLASS 

(MPa/MPa)

S2
50 - 90 mm

(80 ± 10 mm)

S3
100 - 150 mm
(120 ± 10 mm)

CONSISTENCY CLASS

(Target Value)

28 days under water at 20°C
(Shrinkage: 7 days)

CURING

Coarse: siliceous round gravel
Dmax = 20 mm
Fine: river sand

AGGREGATES

Phase 1: CEMX AA - CEMX BB - CEMX CC
Phase 2: CEMX DD – CEMX EECEMENT TYPES 

TO BE TESTED
CEM I 42.5R (Reference)



CONCRETE COMPOSITIONS TO BE TESTED

Concrete Mixture Proportioning

 Concrete nr 1

 Strength class: C20/25 

 Slump: 110 - 130 mm

 Weff / C: 0.60

 Cement content: 300 kg/m³

 Concrete nr 2

 Strength class: C35/45 

 Slump: 70 - 90 mm

 Weff / C: 0.45

 Cement content: 340 kg/m³
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CONCRETE COMPARATIVE MECHANICAL 

TESTS

340 kg/m³
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Intermediate Results

Concrete: 300 kg/m³ Cement
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CREEP

Intermediate results
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10.3CEM I
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5.8CEMX AA



TEST PROGRAM 

Comparative Durability Tests

• Carbonation Resistance on Concrete
EN 13295, Accelerated CO2

• Freeze-thaw Resistance on Concrete
• Scaling with salts (with / without air 

entraining agent)
CEN/TS 12390-9, Slab test

• Internal Damage without salts
CEN/TR 15177, Beam Test

• Chloride Diffusion on Concrete
NT Build 443 Nordtest method, Erosion

• Sulphate Resistance on Mortar
CUR 48, Immersion



TEST PROGRAM

Comparative Durability Tests
MORTARCONCRETE

Sulphate
resistance

Chloride
diffusion

Freeze-thaw
resistance

Carbonation
resistance

Performance
tested

Internal
damages
without

salts

Scaling
with salts
(With and 
without air 

e.a.)

340 kg/m3300 kg/m³Cement

S2
50-90 mm

(80 ± 10 mm)

S3
100-150 mm

(120 ± 10 mm)

Consistency 
class

(target value)

91 days in water at 20°CCure

Standardized
DIN sand

Coarse siliceous round gravel
Dmax = 20 mm
Fine: river sand

Aggregates

Phase 1: CEM X AA - CEM X BB - CEM X CC
Phase 2: CEMX DD – CEMX EE

Cement types 
to be tested

CEM I - CEM III/B

References CEM II/B-L

CEM II/B-M (S-L)
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FREEZE-THAW RESISTANCE

Internal damages without salts

CEN/TR 15177340 kg/m³ Cement

CEMX AA
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CEMX CC

CEM I 
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340 kg/m³ Cement CEN/TS 12390-9

FREEZE-THAW RESISTANCE SCALING

Without air entraining agent (91 d curing)

With salts 
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CEMX CC CEM I CEMX BB CEMX AA

340 kg/m³ Cement CEN/TS 12390-9

FREEZE-THAW RESISTANCE SCALING

With air entraining agent (28 d curing)

Air

[%]
CEMENT

6.2CEM I

4.8CEMX BB

5.3CEMX AA

4.6CEMX CC

CEMX AA

CEMX BB

CEMX CC

CEM I 
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CHLORIDE DIFFUSION

NT BUILD 443 - CEMX BB
Dns

[10-12 m²/s]
CEMENT

7.5
CEM II/B-M (S-

L)

7.4CEM I

4.7CEMX AA

4.7CEMX BB

3.8CEMX CC

2.8CEM III/B

35 d + 35 d in NaCl solution



CARBONATION RESISTANCE

EN 13295 – 1% CO2 – 60% RH – 20°C

Carbonation depth [mm]
300 kg/m³

t = 56 dt = 0

13.70.5CEMX AA

11.50.3CEM III/B

6.40.0CEMX BB

5.70.0
CEM II/B-
M

5.40.0CEMX CC

4.10.0CEM I
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SULPHATE RESISTANCE ON MORTAR

CUR 48 – H2O Solution



2010/03/19

30/63

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0 4 8 12 16 20 24 28 32 36 40 44 48 52

Time [weeks]

R
e
la

ti
v
e

 l
e
n

g
th

 v
a

ri
a
ti
o
n

 [
%

]

CEMX AA CEMX BB CEMX CC CEM I CEM III/B

SULPHATE RESISTANCE ON MORTAR

CUR 48 – Na2SO4 Solution
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Révision de la norme hEN 197-1

• Proposition du WG06 au CEN/TC 51

• Plenary Meeting à Prague 2015

• Révision approuvée pour envoie en enquête 

publique. 



Révision de la norme hEN 197-1

 Enquête publique

HAS-Consultant

James Elliot Case

Delegated Act

Nope !!



• Non-harmonisée

• Publication après un an

• Idem pour EN 197-6

Publication de la norme EN 197-5



Utilisation de la norme EN 197-5

• Norme Ciment

• Domaines d’application

• Annexe nationale NBN B 15-001

• NBN B 15-100:  Méthodologie pour l'évaluation et l'attestation 

de l'aptitude à l'emploi de ciments et d'additions destinés au béton

• Aptitude spécifique à l’emploi

 Projet NeoCem et NeoCem II



NeoCem
Aptitude spécifique à l’emploi de nouveaux 

types de ciments belges

Specifieke gebruiksgeschiktheid van nieuwe 

Belgische cementsoorten

Julie Piérard
Sylvie Smets

Gunther Mosselmans
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Ternaire cementen



Proefprogramma

• Algemene gebruiksgeschiktheid

– Druksterkte

– Splijttreksterkte

– E-modulus

– Krimp

– Kruip



Proefprogramma

• Specifieke gebruiksgeschiktheid

– Carbonatatie

– Interne vorst

– Vorst-dooi met dooizouten

– Chloride-indringing

– Waterabsorptie

– ASR

• Aanvullende proeven

– Slechte Curing

– Sterkte-ontwikkeling op jonge leeftijd
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Voorstel aanpassing NBN B 15-001

• Voorlopig enkel voor K-S-L cementen

– CEM II/C-M (S-L)

– CEM VI (S-L)
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Voorstel aanpassing NBN B 15-001
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Voorstel i.v.m.  ASR - NBN B 15-001



• Beschreven weg: familie van nieuwe cementen

voor een reeks toepassingen

• ATG bij BCCA

• Voor 1 welbepaald bindmiddel voor aantal

geselecteerde toepassingen

Alternatieve weg: ATG
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• Voor 1 welbepaald bindmiddel voor aantal

geselecteerde toepassingen

• ATG bij BCCA

Alternatieve weg: ATG



Conclusions

• L'introduction des nouveau ciments K-S-L 

dans l'annexe nationale de la norme béton 

belge a duré 15 ans

• Message d'espoir

– Ciments Q

– Fraction fine du recyclage du béton

– Liants alternatifs


