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ABSTRACT

The European Concrete Standard, EN 206-1, definegbdity requirements for concrete exposed to
different environmental conditions. These requiretaare formulated for well-known cement types,
like Portland cement and blast furnace slag cemant taking into account partial cement
replacement by puzzolanic additions like fly ast aiica fume. Going beyond well-known solutions,
e.g. using new types of binder and/or new type dditeons, the European Standard EN 206-1
generally defines the Equivalent Concrete Perfonea@oncept (ECPC). By means of the ECPC-
concept, the durability of non-traditional or aiftative cementitious materials can be evaluated in
comparison with well-known deemed-to-satisfy-saof. However, the European Standard does not
give a detailed method for the implementation & BCPC concept. In Belgium, a new Standard has
been developed for the practical implementationhef ECPC concept, enabling the evaluation and
attestation of non-standard cement types and/aqgbaizic additions. The evaluation of the durability
is based on comparative tests, comparing the ralitibnal concrete composition with standard
solutions accepted by EN 206-1. In this paper, Bakgian approach will be outlined, as implemented
in the Belgian Standard NBN B15-100.
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1INTRODUCTION

Although the knowledge is available to make durataacrete structures, it is sad to remark that in
reality a lot of concrete structures clearly shawadbility problems. To a large extent, the durapili
of concete structures depends on the structuragmesn the mix design, and on the execution
(including aspects like concrete cover and casting)pacting, curing).

It is clear that the concrete should have the ragimposition for the right application. In the adtu
European concrete code EN 206€lohcrete — Part 1: Specification, performance, protiibn and
conformity, this is implemented by defining exposure clasaed by requiring a minimum cement
content and a maximum water/cement ratio in fumctd the considered exposure class. Strength
calsses are also mentioned within the durabiligspriptions, however as an indication only (Itd n
enough to just satisfy the strength prescriptionoider to guarantee a durable concrete for the
considered exposure conditions). These ‘deemedhtiefy rules enable the concrete industry to
easily design the right concrete composition fercbnsidered application.

Clearly, the European concrte code EN 206-1 considieree important paramters in order to
guarantee durable concrete structures: water/ceratint cement content, and strength. While this
approach has the advantage of being practical cieiar that each of the parameters is being izetic
(Fig.1). It is clear that concrete strength is adatisfying parameter to guarantee durable bebtavio
[Neville 1997]. A prescribed minimum cement contenalso encountering criticisms in literature, as
illustrated by Wassermaet al. [2008]. And on top of that, while it is commonlgrsidered as the
most important practical parameter when considedingbility, even the water/cement ratio should
be considered cautiously. Neville [1999] stated tivde should remember the limitations on its
interpretation. Indeed, as long as the concrete binder is mddeootland cement and water, the
definition of water/cement ratio is quite clear arad questioned. In this case, there is also a tiida
between water/cement ratio and strength, as ¢ugtriited in Feret’s law. Nevertheless, it hasdo b
stated that even the historic evolution of cemewperties has led to an increased durability risk
when only looking at concrete strength and/or cdraentent, as clearly shown by Neville [1997] and
De Schutter [2004].
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Figure 1. Water/cement ratio, cement content and compressigagth are being questioned
as most important durability parameters.
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Nowadays, considering the application of varioysesyof supplementary cementitious materials, the
definition of water/cement ratio is not straightf@rd. The European code EN 206-1 considers this
problem by adopting the k-value concept, as e.glaied by Neville [1999]. Although this k-value
concept seems to be working for many cases, m#ouskions are going on about the level of the k-
value and about the general validity of the k-vatomcept. As the k-value concept is principally
based on concrete strength, the link with durabiliehaviour is not always straightforward. In
Europe, the defined k-values differ from membetesta members state, as listed in the various
national application documents related to EN 206-1.

As an example of the European diversity within #pplication of the k-value concept, it can be
mentioned that some countries define a k-valughfercase of limestone filler, which in principleas
non-reactive filler (type I). While limestone &H is accelerating the hydration of Portland cligrck
due to improved nucleation possibilities, is is ohemically active (except for a minor percentage
which could be chemically active in the formatidncarbo aluminates) [Poppe & De Schutter 2005,
Ye et al. 2007, Kadriet al. 2010]. In this way, limestone filler improves th&gength development
(hence the definition of a k-value within some ci@s), while the improvement by limestone filler
of the pore structure and the long term durabpigyformance is not always of the same degree [De
Schutter & Audenaert 2008].

Considering the criticisms on water/cement rat@nent content and concrete strength, attempts have
been made to rely on other parameters, like wdteoration by immersion. This is also implemented
in the EN 206-1, as a potential additional requiam Nevertheless, also the water absorption by
immersion can be generally questioned as a gowgunability parameter [De Schutter & Audenaert
2004].

In order to go around the discussion about thellkevaoncept, the European code EN 206-1 includes
the possiblity to experimentally demonstrate thealility of a concrete containing an alternative
binder system, by comparing the durability perfoncewith a well accepted more traditional binder
following the prescriptions based on the defineghomuire classes. This approach is called the
Equivalent Concrete Performance Concept (ECPC)imdportant practical problem however is that
the European code does not give any detail on Hwmv BCPC concept should be practically
implemented. For this reason, a new code has beselaped in Belgium for the practical
implementation of the ECPC concept, enabling theuation and attestation of concrete with non-
standard cement types and/or puzzolanic additibims.experimental durability evaluation is based on
comparative tests, comparing the non-traditionahcoste composition with standard solutions
accepted by EN 206-1. In this paper, this Belgippraach will be outlined, as implemented in the
Belgian code NBN B15-100.

2EQUIVALENT CONCRETE PERFORMANCE CONCEPT

Paragraph 5.2.5.3 of EN 206-1 readshe" equivalent concrete performance concept permits
amendments to the requirements in this standard nfilsmimum cement content and maximum
water/cement ratio when a combination of a speciidition and a specific cement is used, for which
the manufacturing source and characteristics ofheace clearly defined and documerite8ome
further details on the ECPC-concept are given én(thformative) annexe E of EN 206-IFésting
should show that the performance of the concretetaining the addition should be at least
equivalent to that of the reference concrefinnexe E furthermore provides some general guig,

on which a testing and acceptance procedure caades.

The sequel of this paper presents the Belgian appriollowed for the ECPC testing and acceptance
procedure. The text is based on the Belgian codd RB5-100, and on a previous publication on this
topic [De Schutter 2009].
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3 BELGIAN APPROACH: NBN B 15-100

The Belgian Standard NBN B15-100 determines a eefs¥ method for the attestation of the
suitability of cements and type Il additions (puarns), following the guidance of EN 206-1 and NBN
B15-001. The suitability evaluation is based upgosndomparison with reference concrete with known
properties. NBN B15-100 is not questioning the sujgven in EN 206-1 and NBN B15-001, neither
can it be used to formulate alternative rules. NBNb-100 only provides a framework to check the
equivalence performance for a specific mix in alwlefined application environment.

The methodology of NBN B15-001 can be applied wftilowing cases:

e« Cement normalised according to EN 197-1 and ENIV81- but normally not used in
Belgium (The commonly used cement types in Belgauenlisted in NBN B15-001, section
5.1.2)

« Cement normalised according to another standardEha197-1 and EN 197-1/A1.

* Non-normalised cement

* Blends of different cements

e Blends of cement and additions of type Il

All constituent materials need to have an attestatCE-mark or alternative).

While the Belgian code NBN B15-100 is intendeddst thew binder systems based on cement(s) and
reactive powder materials, it is investigated @ thoment whether the code could be extended to
non-reactive powder materials which could be inetliihto the binder system (fillers type I). As an
example, the methodology described in NBN B15-100Qla¢ be applied without any problem to
binder systems containing limestone filler. Showthg equivalent performance of limestone filler
based systems would be a more coherent and safetonshow the beneficial effects of limestone
filler, instead of applying the k-value concepthatit fundamental background in this case.

The standard NBN B15-100 considers two importamtnse ‘general suitability’ and ‘specific
suitability’. General suitability refers to the fatbat a constituent material can be successfidgdu
within concrete. Materials having a CE-mark (oeaiative) are considered to be generally suitable.
For non-certified materials, the general suitapifiirst has to be evaluated experimentally (e.g.
composition, alkali content, chloride content, natbal properties, stability, heat of hydration,
setting, loss on ignition, residue, sulphate cant@he general suitability will not be focused aga

this paper, as it is quite comparable to otheiifggtion procedures for constituent materials.

The most important part of the standard NBN B15-iH0@ealing with specific suitability. This refers
to the suitability of a specific mix for a specifiield of application and exposure conditions. The
specific suitability has to be checked by meanitil Type Testing (ITT) on real concrete mixes.

4 DETERMINATION OF THE SPECIFIC SUITABILITY
4.1 General Prescriptions

The specific suitability can only be evaluated raftitestation of the general suitability. For efield

of application, requirements have to be definedceaming the following items: cement and addition
(identification, quantities, minimum contents), eggates (type, grading curve), admixtures (type,
dosage, restrictions in order to avoid side effestater (content), mixing (guidelines for the nigi
procedure of the concrete).
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Within the procedure for the evaluation of specfigtability, several types of performance can be
evaluated:
« mechanical properties: this part is optional. Infation on mechanical properties is often
already available from the evaluation of the gelnsu@ability.
e Durability: this part is compulsory. Durability germance has to be evaluated for an
individual mix (level 1) or for the application Winh a certain exposure class as defined in EN
206-1 and NBN B15-001 (level 2). The methodologil e described in detail hereafter.
e properties related to casting and placement: ddlvemt properties have to be determined.
This concerns properties related to workabilityttisg and hardening (consistency, density,
setting, air content, strength development).

During the experimental investigation, all relevapiidelines concerning production, transport,
casting and curing have to be determined and doctate

The evaluation of specific suitability consistsocoimparing the performance of the real mix with the
performance of a reference mix which complies wlith normalised prescriptions for the considered
application. In case of level 1, the experimentadestigation only concerns one compoaosition for a
given exposure condition. In case of level 2, theestigation can be performed for all exposure
classes defined in EN 206-1 and NBN B15-001, exéeptlasses EALl, EA2 and EA3 (aggressive
environments) for which only a verification at |éles allowed.

4.2 Reference Concrete and Mortar

For a level 1 evaluation, the reference concretellshhave a composition as normally prescribed for
the considered application. The reference cemeet ity clearly indicated in some tables within NBN
B15-100, depending on the exposure conditions.fiitido be evaluated has the same composition as
the reference concrete, except for the binder sydferequired, the workability of both mixes wile
adjusted to the same level by means of plasticisers

For level 2, limestone aggregates and quartzitd sane to be used. Also in this case, the reference
cement type is listed in tables within NBN B15-1@®pending on the exposure conditions. The
reference concrete has to meet the requiremengs givEN 206-1 and NBN B15-001 depending on
the considered exposure classes. The mix to beateal has an identical composition, except for the
binder. The binder composition has to be definetheydemander of the tests, in form of some tables
similar to the F-tables within NBN B15-001, givingaximum water/cement ratio and minimum
cement content for each exposure class considAfed.in this case, the workability of both mixes
can be adjusted to the same level by means oigass.

For some specific tests (see further), a referenodar is also needed, made with high sulphate
resisting cement. The water/cement ratio has tefieed in function of the considered application.

4.3 Curing

Two different during regimes have to be considered:
e ideal curing, consisting of 55 days storage undatewat (20+2)°C. Storage under water can
be replaced by storage at a relative humidity 8625 higher.
e non-ideal curing, consisting of 55 days storaga iclimate room at (20£2)°C and (60+5)%
relative humidity.

The results obtained with the ideal curing condsiavill be decisive for the evaluation of equivalen
performance. The results obtained with non-idealingu are informative only. In case non-
equivalence would be obtained with the non-ideaihgy) the user shall be informed in order to follow
an accurate curing system in practice.
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4.4 Durability Test Methods

The standard NBN B15-100 gives the test methodetéolbowed, as well as the evaluation criteria to
be applied. The test methods to be applied aredligt the standard, depending on the considered
exposure conditions. As a general rule, alternatést methods can be used, however only after
motivation.

The test methods are dealing with:

>

Carbonation: in a carbonation chamber with 1% €@t (20+2)°C and (60+10)% relative
humidity. Higher concentrations of G@an be considered if desired. The determination of
the carbonation depth is performed after 28 dagsmhdays, following the guidelines given
by RILEM CPC-18. Taking into account the accuraéytte test method, the evaluation
criterion at 56 days states that the carbonatigrihdef the concrete to be evaluated should
not exceed 1.2 times the carbonation depth ofdfe¥ence concrete.

Frost resistance: 14 frost-thaw cycles following the European stmgdEN 1367-1. As an
evaluation of the performance, the tensile splittitrength before and after frost testing is
considered. The strength reduction of the concietbe evaluated should not exceed 1.2
times the strength reduction obtained for the safee concrete.

Scaling resistance (frost in combination with de-icing salts): 28 g according to EN
1339. The mass loss of the concrete to be evals&imald not exceed 1.2 times the mass loss
of the reference concrete.

Chloride diffusion: the non-stationary chloride diffusion coefficigatdetermined according
to the standard NT Build 443. As an alternative hmdt NT Build 492 can be used.
Considering the accuracy of the method, the evialmatriterion states that the chloride
diffusion coefficient of the evaluated concrete idbonot exceed 1.4 times the diffusion
coefficient of the reference concrete.

Resistance against sea water: the test is performed on mortar specimens acagrth the
French standard NF P18-837. The expansion of thkuated mortar should not exceed 1.2
times the expansion of the reference mortar. Thelt®are also accepted if the expansion of
the tested mortar is below 0.05%.

Sulphate resistance: the expansion of mortar specimens stored in séplsolution is
determined according to the prescriptions givemhi Dutch document ‘CUR Aanbeveling
48'. The evaluation criterion is identical as fesistance against sea water.

Acid attack: 20 cycles of 1 day submerging in aggressive gwiuand 1 day drying at
(20+2)°C and (60+10)% relative humidity. After dng, each exposed surface should be
brushed twice (if the surface is exposed to erdsibme composition of the solution has to be
defined in function of the considered applicatiohhe PH-value of the solution has to be
maintained constant throughout testing. The mass &6 the evaluated concrete should not
exceed 1.2 times the mass loss of the referenazeten

Alkali Silica Reaction (ASR): In case the new binder approaches the compositioa
known cement type, the alkali content of the bindas to be compared to limit values
prescribed for the known cement type. Otherwisstirtg according to the French Standard
NF P18-594 is recommended. Testing of ASR is notmdsory according to NBN B15-100.
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4.5 Equivalent Performance

For each test to be considered, the code NBN BD5d&fines acceptance criteria, as briefly indicated
before, when explaining the test methods. Withasthcriteria, the experimental results obtainet wit
the new binder type are compared with the experiaheesults obtained on the reference concrete.

As an example, when testing the carbonation pedoom of the new binder type, the following
acceptance rule is defined, after 56 days of exjgasuthe carbonation chamber:

dnewS 1.20 (jef

with d.., the carbonation depth of the concrete with the bawder type, and.d the carbonation
depth of the reference concrete.

The coefficient of 1.20 is introduced into the gutemce rule in order to consider the accuracy ef th
test method and the statistical variations on é¢iseresults.

When all relevant tests have been performed, ictfon of the considered exposure class(es), and
when all criteria have been fulfilled, the evaluhtooncrete will be accepted as having ‘equivalent
concrete performance’. This concrete, with the @atsld binder system, will thus be accepted for
applications within the considered exposure classes

5 CONCLUSION

By means of the Equivalent Concrete Performancec&€mn(ECPC) as described in the European
Standard EN 206-1, the durability of non-traditiboa alternative cementitious materials can be
evaluated in comparison with well-known deemeddtis$y-solutions. However, the European

Standard does not give a detailed method for thpdeimentation of the ECPC concept. In Belgium, a
new Standard has been developed for the practigdgéimentation of the ECPC concept, enabling the
evaluation and attestation of non-standard cemgtstand/or puzzolanic additions. The evaluation
of the durability is based on comparative testsnmaring the non-traditional concrete composition
with standard solutions accepted by EN 206-1.
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