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National foreword

The adoption of the EN Standard as a Malaysian Standard was recommended by the
Working Group on EN 450 under the authority of the Industry Standards Committee on
Building, Construction and Civil Engineering. Development of this standard was carried out by
The Cement and Concrete Association of Malaysia which is the Standards-Writing
Organisation (SWO) appointed by SIRIM Berhad to develop standards for cement.

This Malaysian Standard is identical with EN 450-1:2012, Fly ash for concrete - Part 1:
Definition, specifications and conformity criteria, published by the European Committee for
Standardization (CEN) with the exceptions as listed below.

a) inthe source text “this European Standard” should read “this Malaysian Standard”;

b) the comma which is used as a decimal sign (if any), to read as a point;

¢) National Annex NA on “Standard specification for coal fly ash and raw or calcined
natural pozzolana for use in concrete” is incorporated; and

d) reference to EN Standards should be replaced by corresponding Malaysian Standards
as follows:

Referenced EN Standards Corresponding Malaysian Standards

EN 196-1, Methods of testing cement - Part MS EN 196-1, Methods of testing cement -
1: Determination of strength Part 1: Determination of strength

EN 196-7, Methods of testing cement - MS EN 196-7, Methods of testing cement -
Part 7: Method of taking and preparing Part 7: Method of taking and preparing
samples of cement samples of cement

EN 450-2, Fly Ash for Concrete - Part 2: MS EN 450-1, Fly Ash for Concrete - Part 2:
conformity evaluation conformity evaluation

This standard specifies the use of both siliceous fly ash and calcereous fly ash for the
production of concrete as well as blended cement.

This Malaysian Standard cancels and replaces MS 1226: Part 1:1991, Pulverized-fuel ash -
Part 1: Specification for pulverized-fuel ash for use as a cementitious component in structural
concrete.

This standard is published with the permission of the European Committee for
standardization. Such permission is hereby acknowledged.

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.
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Foreword

This document {EN 450-1:2012) has been prepared by Technical Committee CEN/TC 104 “Concrete and
related products”, the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by February 2013, and conflicting national standards shail be withdrawn
at the latest by February 2013,

Attention is drawn to the possibility that some of the elemenis of this document may be the subject of patent
rights. CEN [andfor CENELEC] shall not be held responsible for identifying any or all such patentrights.

This documeni supersedes EN 450-1:2005+A1:2007.

This document has been prepared under a mandate given to CEM by the European Commission and the
Eurppean Free Trade Association, and supports essential requirements of EU Directive 88/108/EEC.

For relaticnship with EU Directive(s), see informativa Annex ZA, which is an integral part of this document,

This document is supported by standards of the series EN 451 for test methods for the determination of free
calcium oxide content and of the fineness by sieving.

The main changes with respect ta the previous edition are listed below:

— exiension of the permissible content of sclid co-combustion materials;

— exiension of the permissible content of liquid and gasecus co-combustion materials;

— fixed limits for loss on ignition;

— incorporation of the specifications from EN 450-1+A1:2007;

— general editorial revision.

According to the CEN/CENELEC Internal Regulations, the nationat standards organisations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece,

Hungary, lceland, Ireland, [taly, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom.
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infroduction

The use of coal for electricity production results in the generation of large quantities of fly ash.

Different types of coal and the type of boller used in this process produce different fly ashes, such as siliceous,
silico-calcareous, or calcarecus fly ashes with pozzolanic and/cr latent hydraulic properties. All these types of
fly ash are used in concrete production in some European countries, based on national experience and
tradition.

Before use, fly ash may be subject to processing, for example by classification, seiection, sieving, drying,
blending, grinding or carbon reduction, o optimize its fineness, reduce its water demand or to improve other
properties. Such processed fly ashes may conform to this decument to which reference is made in such case,
If they are out of the scope of this document, their suitability for use as Type il additions in concrete according
to EN 206-1 may alsc be established from national standards or provisions or European Technical Approvals
valid in the place of use of the concrete and which refer specifically to the use of the addition in concrete
conferming to EN 206-1.

Vvhen using fly ashes conforming o this document, it should be noted that, apart from the effect from the
pozzolanicity of the fly ash, certain properties of fresh and hardened concrete may be sffected. Where
relevant, such effects need to be ceonsidered in concrete mix design (see EN 208-1),
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1 Scope

This European Standard specifies reguiramenis for the chamical and physical properties as well as quality
control procedures for silicecus fly ash, as dsfined in 3.2, for use as a type Il addition for production of

concrete conforming to EN 206-1. Fly ash according to this document may alse be usad in mortars and grouts.

Fly ash produced with other types or higher percentages of co-combustion materials than those provided for in
Clause 4 is outside the scope of this European Standarg.

It is beyond the scope of this European Standard to specify provisions governing the practical agplication of fly
ash in the production of concrete, ie. requirements concerning compasition, mixing, placing, curing ete, of

concrete containing fly ash. Regarding such provisions, reference should be made to other European or
national standards for concrete, such as EN 206-1.

2 MNormative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited zpplies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

EN 196-1:2005, Methods of festing cement — Part 1: Determination of strength

EN 196-2:2005 Methods of testing cement — Part 2: Chemical analysis of cement

EN 186-3, Methods of testing cement — Part 3: Determination of selfing times and soundness

EN 196-7, Methods of testing cement — Part 7: Methods of taking and prepernng samples of cement

EN 167-1:2011, Cement— Part 1: Composition, specification and conformity criteria for common cemenis

EN 208-1, Concrete — Part 1 Specification, performance, production and conformity

EN 450-2:2004, Fly ash for concrele — Part 2; Conformity evaiuation

EN 451-1, Method of testing flv ash — FPart 1: Defermination of free calciun oxide contant

EN 451-2, Method of testing fiy ash — Fart 2. Determination of fineness by wet sieving

EN 933-10, Tests for geometrical properties of aggregates — Fart 10: Assessment of fines — Grading of filler
aggregales (alr jet sieving)

EN 1015-3:1998, Methods of fest for mortar for masonry — Fart 3: Determination of consistencs of fresh
mortar (by flow tabie)

EN 1097-7, Tests for mechanical and physical properfies of aggregates — Part 7: Determination of the
particle density of filler — FPyknometer method

EN ISO 11885, Water qualily — Determination of selected elements by inductively coupled plasma optical
emission spectromeiry (ICFOES) (ISO 11885)

EN 14588:2010, Safid biofuels — Terminology, definifions and descriptions

I1SO 10694, Sofl quality — Determination of organic and fotal carbon after dry combustion (elemenfary
analysis)

IS0 29581-2, Cement - Tast methods — Part 2: Chemical analysis by X-ray fluorescence
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3  Terms and definitions

For the purpose of this document, the following terms and definitions apply.

3.4

type Il addition

finely divided inorganic, pozzolanic or latent hydraulic material that may be added to concrete in order to
improve certain properiies or to achieve special praperties

MNote 1 to entry: See EN 206-1.

3.2

fly ash

fine powder of mainly spherical, glassy particles, derived from burning of pulverised cosl, with or without co-
combustion materials, which has pozzolanic properties and consists essentially of Si0, and Al,O5 and which:

- ig obtained by electrostatic or mechanical precipitation of dust-fike particles from the flue gases of the
power stations; and

— may be processed, for example by classification, selection, sieving, drying, blending, grinding or carbon
reduction, or by combination of these processes, in adequate production plants, in which case it may
consist of fly ashes from different sources, each conforming to ihe definition given in this clause

MNote 1 fo entry: Municipal and industrial waste incineration ashes do not conform to the definition given in this clause.

33

iest cementi

selected brand of Portland cement of type CEM |, strength class 42.5 or higher, conforming to EN 197-1 to be
used for carrying out the tests needed to evaluate conformity to the reguirements of 5.3.2, 5.3.3, 5.3.5 and
5.3.8

3.4
particle density
average density of fly ash particles, including voids inside the particles

3.5

activity index

ratio (in percent) of the compressive strength of standard mortar bars, prepared with 75 % test cement plus
25 % fly ash by mass, to the compressive strength of standard mortar bars prepared with 100 % test cement,
when tested at the same age

3.6

autocontro!

continuous statistical quality control of the fly ash based on the testing of samples taken by the producer or
their agent at point{s) of release from the fly ash producing facility

3.7
control period
period of production and/or dispatch identified for the evaluation of the autocontrol test results

3.8

characteristic value

value of the required property outside of which lies a specified percentage, the percentile #, of all the values
of the populaticn

3.9

single result limit value

value of a chemical or physical property which — for any single test result — in the case of an upper limit is not
to be exceeded or in the case of a lower limit is, as a minimum, fo be reached
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310

allowable probability of acceptance CR

for a given sampling plan, the allowed probability of acceptance of fly ash with a characteristic value cuiside
the specified minimum or maximum values

3.1

sampiing plan

specific plan which states the (siatistical) sample size(s) to he used, the percentile P, and the allowable
probeability of acceptance CR

312

spot sample

sample taken at the same time and from one and the same piace, relating o the intended testswhich can be
obtained by combining one or mora immediately consecuiive increments

Mote 1 {0 entry: Seg EN 166-7.

313

green wood

wood originating from trees, bushes and shrubs that is created when processing wood as cross-clit ends,
planings, saw dust and shavings used in the form of dust, chips and pellets

4 Specific provisions for fly ash from co-combustion

4.1 Co-combustion materials

Fly ash from co-combustion as defined in 3.2 is obtained from pulverised coal fired simultanecusly with at
least one ce-combustion material as listed in Table 1. The minimum percentage, by dry mass, of coal {K;)
shall be not less than 80 %, or 50 % if the co-combustion material is only from green wood (sze 3.13). The
maximum propertion of ash derived from co-combustion materials (M) shall not be greater than 30 % by dry
mass when calculated from Formula (1).
The propostion of ash derived from co-combustion shall be calculated with Formula (1)

M=T100(Kyx A4+ Kexds LK AT (KX e+ {K X Ay Rex As 0 RpX o)) (1}
where

A7 is the proportion of co-combustion ash in total fiy ash, in % by mass;

+; is the ash content of co-combustion material no. i, in % by mass;

7 s the number of co-combustion materials being usead;

Ae i the ash content of coal, i % by mass;

&, and K, are respectively the proportions of co-combustion materiai{s) and coal being fired;

and where

(Ke+ Ky + Ko+ ... K3 =1and K, 2 8,60, or 0,50 if the co-combustion material consists of green wood anly,

in additicn, if virtuaily ash free liquid and gaseous fuels are used as co-combustion materials, their percentage
by net calorific value sheall be determined and shall not exceed 40 % of the total net calorific value.

Higher percentages of virtually ash free liguid and gasecus fuel may be used during the start-up process of a
power plant,




BS EN 450-1:2012
EN 450-1:2012 (E)

Tahble 1 — Types of co-combustion materials

1 | Solid Bio Fueis conforming to EN14588:2010 including animal hushandry residues
as defined in 4.5 and excluding waste wood as defined in 4.52, 4 132 and 4.174.

Animal meal (meat and bone meal)

Municipal sewage sludge

Paper sludge

Pefroleum coke

| AW

Virtually ash free liquid and gaseous fuels

NOTE Other types of co-combustion materials not included in Tabie 1 might be subject to an ETA.

4.2 Establishment of suitability of fly ash from co-combustion
The suitability of fly ash obtained from combustion of coal with co-combustion materials given in Table 1 shall
be established and documented by the producer. An initial co-combustion in the furnace using the highest
intended amount of co-combustion material shall be performed. A representative sample of fly ash taken from
this co-combustion (see Clause 7) shall be used to establish the suitability.

The suitability of fly ash obtained from co-combustion with one of the co-combustion materials specified in
Table 1 is established if conformity to the requirements in 5.2, 5.3 and 5.4 has been proven.

5 Specifications

5.1 General

The chemical and physical requirements in 5.2 and 5.3 are specified as characteristic values. Conformity to a
characieristic value is assessed by means of a statistical quality control procedure as described in Clause 8.

The test methods prescribed in this document are reference methods. Other test methods may be used

provided they give results equivalent to those obtained with the reference method. In case of a dispute, only
the reference method shall be used.

5.2 Chemical requirements

52.1 General

The chemical composition shall be expressed as proportions by mass of dry fly ash (see Clause 7 for a
method of obtaining a sample of dry fly ash).

in performing the test methods for major elements described in EN 196-2:2005, Clause 13, the following
medifications shall be observed:

a) When heating the sample-peroxide mixture {EN 196-2:2005, 13.2) a furnace temperature of 550 °C shall
be used and maintained for 60 min, Timing to start is when the temperature has recovered to 540 °C;

b} When dispersing the sintered mass from the furnace (EN 196-2:2005, 13.2), proceed with the test even
though the melting may not be clear;

¢} To decompose the evaporation residue {EN 186-2:2005, 13.7), add 2,0 g potassium bisulphate instead of
the sodium carbonate/scdium chloride mixture.
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5.2.2 Loss on ignition

the loss on ignition shall be determined in accordance with the principles of the method described in
EN 196-2 but using an ignition time of 1 h, and shall fall within the limits of the categories specified belfow:

— Category A: not greater than 5,0 % by mass;
— Category B: not greater than 7,0 % by mass;

- Category C: not greater than 9.6 % by mass.

The purpose of this reguirement is to limif the residue of unburnt carbon in the fiy ash. It is sufficient, therefore,
{o show, through direct measurement of unburnt carbon residue, that the content of unburnt carbon fails within
the limits of the categories spaciied above. The content of unburnt carbon shall be deiermined in accordance
with 18O 10634,

NOTE As the magnitude of the loss on ignition may have an influence on the effect of air-eniraining admixtures used
for the manufacture of concreie resistant to freezing and thawing, the three loss an ignition categeries defined in this
document allow the user to take this info account by choosing the appropriate category for gach particular spplication and
exposure class, thus following the standards and/or regulations for concrate valid in the piace of use.

523 Chloride

The content of chloride, expressed as CI™, shall be determined in accordance with EN 196-2 and shall not be
greater than 0,10 % by mass.

524 Sulphate (8O;) content

The sulphate (SO;} content, shall be determinad in accordance with EN 196-2 and shall not be greater than
3,0 % by mass.

5.2.8 Free calcium oxide
The content of free calcium oxide shall be determined by the method described in EN 451-1. If the content of

free calcium oxide is greater than 1,5 % by mass, the fly ash shall be tested for conformity to the requirements
for scundness in 5.3.3.

5,26 Reactive calcium oxide

The content of reactive calcium oxide shall be calculated as stipulated in EN 197-1:20%1, 3.1 and shall not
exceed 10,0 % by mass.

If the total conient of calcium oxide determined in accordance with 5.2.1 does not exceed 10,0 % by mass, the
reguirement for reactive calcium oxide shall be deemed to be satisfied.

5.2.7 Reactive silicon dioxide

In the initial type fest for fly ash from co-combustion {4.2) the amount of reactive silicon shall be analysed in
accordance with EN 197-1 and shall not be less than 25 % by mass. Fly ash obtained from combustion of
pulverised coal only shall be deemed to satisfy this requirement.

52.8 Silicon dioxide (Si0,), aluminium oxide (A1,04) and iron oxide (Fe,05)

The sum cf the contents of silicon dioxide (Si0;), aluminium oxide {AlOs) and iron oxide {Fe,0s) shall be
determined in accordance with EN 198-2, modified as indicated in 5.2.1, and shall not be less than 70 % by
mass. Fly ash obtained from combustion of pulverised coal only shall be deemead to satisfy this requirement.
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5.2.9 Total content of alkalis
The total content of alkalis shall be determined in accordance with EN 196-2 and calculated as Na:0, and

shall not exceed 5,0 % by mass. Fly ash obtained from combustion of pulverised coal only shali be deemed to
satisfy this requirement

5.2.10 Magnesium oxide
in the initial type test for fiy ash from co-combustion (4.2}, the content of magnesium oxide {MgO) shall be

determined in accordance with EN 188-2 and shall not be greater than 4,0 % by mass. Fly ash obtained from
combustion of pulverised coal only shail be deemed to satisfy this requirement.

5.2.11 Phosphate

The content of total phosphate (P:05) shall be determined in accordance with 1SO 29581-2 and shall not be
greater than 5,0 % by mass. Fly ash obtained from combustion of pulverised coal only shall be deemed fo
satisfy this reguirement.

in the initial type test for fly ash from co-combustion (4.2), the content of soluble phosphate {P,0s) shall be
determined in accordance with the method described in Annex C and shall not be greater than 100 mg/kg.

5.3 Physical requirements

5.3.1 Fineness

The fineness of fly ash shall be expressed as the mass proportion in percent of the ash retained when sieved
on a 0,045 mm mesh sieve. The fineness may be determined by wet sieving in accordance with EN 451-2 or
by air jet sieving in accordance with EN 933-10 and shall fall within the limits of the categories specified below:

Category N: the fineness shall not exceed 40 % by mass, and it shall not vary by more than + 10 percentage
points from the declared value.

Category S: the fineness shall not exceed 12 % by mass. The * 10 percentage points fineness variation limits
are not spplicable.

In case of dispute, the wet sieving method according to EMN 451-2 shall be used as the reference method.

5.3.2 Activity index

Preparation of standard mortar bars and determination of the compressive strength shall be carried out in
accordance with EN 196-1.

The activity index at 28 days and at 90 days shall not be less than 75 % and 85 %, respectively.

The test cement used, as defined in 3.3, is selected by the fly ash producer and is further characterised by its
fineness and contents of tricalcium aluminate and alkalis as follows:

—  Fineness (Blaine): at least 300 m%kg;
—  Tricalcium aluminate: 6 % by mass to 12 % by mass;
— Alkalis (NayOeg): 0.5 % by mass to 1,2 % by mass.

NOTE The result of the activity index tests gives no direct information on the sirength contribution of fly ash in
concrete, nor is the useg of the fly ash limited to the mixing ratio used in these tests.
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5.3.3 Soundness

The soundness shali be determined on 30 % fly ash plus 70 % test cement (both by mass) in sctordance with
EN 186-3 and shall not be greater than 10 mm.

VWhere the free calcium oxide content of the fly ash determined in accordance with 5.2.5 does not exceed
1.5 % by mass, this requirement shall be deemed {o be satisfied.

5.3.4 Particle density

The particle density shall be determined in accordence with EN 1097-7 and shall not deviste by more
than 200 kg/m" from the value declared by the producer.

5.3.5 Initial setting time

The initigt setting time shall be determined on a 256 % fly ash plus 75 % fest cement paste (both by mass) in
accordance with EN 198-3 and shall not be more than twice as long as the initial setting time of a 100 % (by
mass) test cement paste. The requirements regarding initial setting time specified in EN 197-1 shall be met by

the test cement when tested alone. Fly ash obtained from combustion of pulverised coal only shall be deemed
to satisfy this reguirement.

5.3.6 Water requirement

The water reguirement of {fly ash of fineness category S shall be determined by the method described in
Annex B and shall not be greater than 95 % of that for the test cement alone.

For fiy ash of fineness category N this requirement does not apply.
5.4 Other reguirements

5.4.1 Durability requirements

The compesition and the performance of the fly ash shall be such that durable concrete (see EN 206-1) may
be produced when using the fly ash. Fly ash conforming to the definition in 3.2 and fulfilling the chemical
requirements in 5.2 and the physical requirements in 5.3 shall be deemed to safisfy the durability
requirements.

in certain applications, particularly for concrete in severe environmental conditions, the choice of fly ash
category may have an influence on the durakility of concrete, e.g. freeze-thaw resistance and resistance to

afkali aggregate reactions. In such cases, the choice of fly ash categery shall follow the appropriate standards
and/or regulations valid in the place of use.

5.4.2 Release of dangerous substances and emission of radioactivity

Fiy ash shall not contain substances which, if released from concrete, are dangerous for health, hygiene and
the environmeant {see Annex A),

Should there be any additional reqguirements regarding environmenial cempatibility from national laws,
regulations and administrative provisions in the place of use of the {ly ash concerning

a) thefly ash,
b) the leachate of concreie produced with ily ash, or
¢) the co-combustion material,

these are o be considersd and conformity to the relevant regulations shall, where required, te evaluated
before production.
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5.5 Information to be supplied upon request

Information on the properties listed below shall be supplied to the user upon reguest;

- characteristics of the test cement;

— whether the fly ash is obtained from co-combustion, and, in the affirmative, declaration of conformity to
this document, any standards or reguiations valid in the place of use, and the results of suitability tests as

reguired in 4.2 and 4.3;

— a typical chemical oxide composition of the fly ash comprising the contents of silicon dioxide (Si0;),
aluminium oxide {Al,04), iron oxide (Fe,0,), determined in accordance with EN 196-2;

—— the total content of alkalis determinad in accordance with EN 186-2 and calculated as Na,0.q;

— the water content for standard consistence of a co-combustion fly ash/test cement paste, as determined
by EN 196-3 in connection with determining the initial setting time (see 5.3.5);

— the water requirement for category S fly ash.

6 Packaging and labelling
Fly ash may be delivered in suitable butk-delivery transportation systems or in suitable packages.

Packages and documents related to bulk deliveries shall be marked with the name or identification mark of the
production plant where the fly ash was manufaciured.

NOTE For CE marking and labelling, ZA.3 applies.

7 Sampling

Spot samples, equally distributed over the production period, shall be taken at the point of release into a bulk-
delivery transportation sysiem or into packages, or, alternatively, direcily from hulk-delivery transportation
systems or packages, using the equipment and principles described in EN 196-7.

For the purpose of carrying out alf the analyses and tesis needed to show conformity or non-conformity to the
requirements set out in Clause 5, a representative laboratory sample of dry fly ash of at least 0.5 kg is

reguired. This sample shall be obtained by subdividing, such as quartering, a spot sample of at least 2 kg. The

laboratory sampie shall be dried in a well-ventilated oven at (105 = 5) °C to constant weight and ihen cooled in
a dry atmosphere.

8 Conformity criteria

8.1 General requiremenis

Conformity of fly ash to this document shall be continually evaluated on the basis of testing of spot samples.
The properties, test methods and the minimum testing frequencies for the auto control testing by the producer
are specified in Table 2.

Conformity of fly ash to this document shall be evaluated in accordance with EN 450-2.

NOTE 1 For attestation of conformity for CE marking reference is made to Annex ZA.

NOTE 2 EN 450-2 does not deal with acceptance inspection at delivery.
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Table 2 — Properties, test methods and minimum testing frequencies for the auto control testing by

the producer or his agent and the statistical assessment procedure

1 2 3 4 5 G 7 3
Prapert Test method Autocontrol testing @ Conformity
y be utocontrol testing verification®
Statistical
Minimum testing frequency assessment
procadure
Inspection by
initial Initial test
Routine | period for co- . —
situation | anew fly | combustion Variables® | Attributes
ash
1 Loss on ignition EN 198-2 1/dayd 2/dayd X c
. EN45T-2 | »
2 Fineness EN 63310 Tiday 2iday X #7i3]
3 Free calcium axide EN 451-1 1hweekd | 2hweek < P
4 | Resefvecalcm 1 eyyo6o | fimonth | 2month X P
oxide
5 Chioride EN 186-2 T/month | 2/month X P
5] Sulphate content EN 186-2 1month | 2/month X P
7 Particle density EN 1097-7 Tmonth | 2/imonth X L
8 Activity index EN 196-1 2imonth | 4/month xf P
9 Soundness {if EN 19683 | tiweek | 2fweek X P
required)
Sum of silicon
10 cioxide, alurninium EN 196-2 1/month | 2/monih X P
oxide and iron oxida!
Reactive silicon X
11 dioxide™ EN 197-1 P
12 Alkais! EN 196-2 1/menth | 2/month X P
13 Magnesium oxide”™ EN 196-2 X P
14 Soluble phosphate Annex C X P
'l \
15 Total phosphate™ IS0 995812 | 1fmenth | 2/month % P
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Table 2 (continued)

16 Initial setting time™ EN 198-3 1imonth | 2/month b P
17 Water requirement " Annex B 2jweek 4lweek b P
Dangerous
18 substances and
emissicn of
radioactivity ¥

a A minimum of 10 samples shall be used far assessing the conformity and shall represent a period of not more than 12 months and nol
less than 1 month.

b Where allowed in the relevant parts of EN 196 ar EN 451, methods other than those indicated may be used in factory production control
in agreement with the certification body provided they give results equivalent to these oblained with the reference method.

The methods used {o take and prepare samples shall be in accordance with EN 186-7.
Day of delivery.
If the data are net normally distribuied then the method of assessment may be decided on a casa by case hasis.

Bl v B = T ]

If the number of samples is at least one per week during the contral period, the assessment may be made by variables.

8 ¥ ali results from the last 10 determinations are less than 0.5 % by mass then the test frequency may be reduced to /month. Should
any singie monthly result exceed 0.5 % by mass, or should a change in coal source accur for which there is no existing knowiedge about the
resuiting fly ash, then the full test frequency shall be used again.

i Sees5.2.6.

t Tests to be performed on fly ash obiained from co-combustion of pulverised coal with co-combustion materials in order o satisfy
reqguirements of 5.2.8 and 5.2.9 respectively. Tests on ily ash obtained from combustion of pulverised coal only are required to provide
information on request.

i Onlyif free calcium oxide exceeds 1,5 % by mass.

k  Only relevant when specifically required (see also 5.4.2).

{ Depending on the requirement (see Notes 1 and 2 in ZA.1),

m  Tests to be performed on fiy ash obtained from combustion of pulverised coal with co-combustion materials in order to satisfy ihe
requirements of 5.2.7, 5.2.10, 5.2.11 and 5.3.5 respectively.

n  Testto be performed on fiy ash of fineness category S only.

o P: Pass/fail C: Category D Declared value

8.2 Statistical conformity criteria

8.2.1 General

Conformity shall be formulated in terms of a statistical criterion based on:

a) the required characteristic values for chemical and physical properties as specified in 5.2 and 5.3;
b} & percentile P, of 10 % on which the reguired characteristic value is based;

c) an allowable probability of acceptance CR (consumer's risk) of 5 %.

Conformity to the requirements shall be verified either by variables or by attributes, as described in 8.2.2 and
8.2.3 and as specified in Tabie 2.

A minimum of ten samples shall be used for assessing the conformity and shall represent a period of not more
than twelve months and not less than one month.
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8.2.2 Inspection by variables
Far this inspection, the test results are assumed to be normally distributed.

Conformity is verified when Formulae (2) or {3), as relevant, are satisfied:

;w!'(A sz L (2}
or

X haxsSU (3}
where

¥ isthe arithmetic mean of the totality of the auto controf test results in the control period;

5 18 the standard deviation of the {ofality of the auto control test results in the controf periad
k, s the acceptability constant,

I is the specified lower limit referred to in Clause 5;

U is the specified upper limit referred to in Clause 5.

The acceptability constant k. depends on the percentile 7, on which the characteristic vaiue is based, on the
allowable probability of acceptance CR and on the number » of the test results. Valuss of 4, are listed in
Tabkle 3. -
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Tahle 3 — Acceptability constant fr, (P, = 10 %) at CR=5%

Number of test results # L Aa

20 to 21 1,93

2210 23 1,88

241025 1,85

26to 27 1,82

2810 29 1,80

30 to 34 1,78

35t0 39 1,73

40 o 44 1,70

45 to 49 1,67

80 to 5% 1,65

60 to 68 1,61

70to 78 1,58

80 to 89 1,56

901to B9 1,54

100 {o 148 1,53

150 to 199 1,48

200 10 2599 1,45

300 to 399 142

=400 1,40
Values of ia valid for intermediate values of » may also be
;l‘lsfd. These values may be calculated by a formula of Natrella

8.2.3 Inspection by attributes

The number ¢ of {est results below or above the characteristic value shall be counted and compared with an
acceptable number ca, calculated from the number » of autoconirol test results and the percentile # as
specified in Table 4.

Conformity is verified if Formula (4) is satisfied:

(4} = Ca {'4)

The value of ¢, depends on the percentite 7, on which the characteristic value is based, on the allowable
probabifity of acceptance CR and on a number n of the test resuits. Values of ¢, are listed in Table 4.
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Table 4 —Values of c4 (. =10 %) 8iCR =8 %

Number of test resufis n @

20to 39

4010 54

55t0 G9

7010 84

8510 99

100 to 109

iAW (M=

=110

0,675 {1 — 30)

& I the number of test results Is » < 28 (for P, = 10 %) a siatistically based conformity criterion is not
possible. Despite this, & criterion of ca = § shall be used in cases where n < 20

8.3 Single result conformity criteria

In addition fo the siatistical conformity criteria, conformity of est results to the reguirements of this document
requires that it shall be verified that each test result ramains within the single result limit values specified in

Table 5.
Table § — Limit values for single resulis
Property Single result limit values
7.0 % by mass {category A)
1 Loss on ignition (upper limit value) 8.0 % by mass {category B)

11,0 % by mass (category C)

45 % by mass (category N

Z2 Fineness {upper limit value) 13 % by mass (category S|
3 | Fineness variation (lower and upper limit valugs} £ 15 percentage points from deckred value
(category N only}
4 | Chloride (upper limit value) 0,10 % by mass
5 | Free calcium oxide {upper limit value) 1,6 % by mass
& Reactive calcium oxide (upper limit value) 11,0 % by mass
7 | Sulphate content {upner limit value) 3,5 % by mass
3 ?iic;ci’r;ﬁigjxide + aluminium oxide + iron oxide (lower 65 % by mass
9 | Total centent of alkalis (upper limit value) 5.5 % by mass
10 | Total phosphate {upper timit value) 55 % by mass
11 | Soundness (upper limit value) 11 mm
12 Activity index at 28 days (lower limit value) 70%
Activity index at 90 days {lower limit value) 80 %
13 | Particle density variation (lower and upper limit values} | & 225 kg/m® from declared value
14 | Initial setting time (upper limit vaiue) 2,25 times the setting of the test cement alone
15 | Water requirement (upper limit value) 97 % (categary S enly)
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Annex A
(normative)

Release of dangerous substances and emission of radioactivity
Materials used in products shall not release any dangerous substances in excess of the maximum permitted

levels specified in a relevant European Standard for the material or permitted in the national regulations of the
member state of destination”.

NOTE See ZA.1 in Annex ZA.
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Annex B
(normative)

Determination of the water requirement for Category S fly ash

B.1 Principle

The reduction in water required when fly ash is added to a moriar is measured by comparing the flow of a
control and fest mix.

B.2 Apparatus
B.2.1 WMixer, conforming to EN 186-1:2005, 4.4.

B.2.2 Flexible scraper, of rubber or plastics material, suitable for removing mortar adhering to the mixer
blades and inside surfaces of the mixer bowl.

B.2.3 Balance, of sufficient capacity and capable of weighing to the nearest 1,0 g.

B.2.4 Flow table, conforming to Annex A of EN 1015.3:1999 and associated mould and tamper,

B.3 Materizals
B.3.1 CEN standard sand, conforming fo EN 185-1:2005, 5.1.
B.3.2 Test cement, as defined in 3.3.

B.3.3 Water, deionised or distiiled.

B.4 Mix proportions

|
!
|

The mix composition shali be as given in Table B.1

Table B.1 — Mix proportions

Material Control mortar Test mortar

Test cement {450+ 1) g (315 Ng

Fly ash Nit (135+ Mg

CEN standard sand (1350 +5) ¢ {1350 5) g
Water (225N g Mass M to give a flow

value of £10 mm of that of
the control mortar
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B.5 Procedure

Use the mixing procedure described in EN 198-1:2005, 6.2, immediately on completion of mixing determing
the flow of the mortar in accordance with EN 1015-3. Lift the mould from the fable (60 + 5) s after mixing has
been completed and operate the table immediately. Operate the table 15-times in (15 + 2} s and measure the
flow.

Adjust the water content of the test mortar to obtain a flow value within £ 10 mm of that of the control mortar.

The determination of consistence described in EN 1015-3 may be omitted.

B.6 Calculation
Calcuiate the water requirement of the fly ash as a percentage by the following formula:

1= Af/225 % 100 (B.4)
where

o is water requirement;

Af s the mass of water used in the test mortar (in g).

B.7 Reporting

Report the water requirement of the fly ash to the nearest 1 %,
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Annex
(normative)

Determination method on the content of soluble phosphate
{expressed as #,05)

C.1 Principle of the method

The object of the {est is o determine the content of soluble phosphate in fly ash, expressed as phosphorus
pentoxide (mg/kg). The content is determined by measuring the concentration of phosphorus in the fitrate of a
suspension of de-mineralised water stirred with a fixed amount of fly ash at a constant pH of 8,5+0,2,

C.2 Sample for analysis

For this test the following sampie is required: 250,00 g dry fly ash.

C.3 Reagenis
C.3.1 Demineralised water, with a conductivity of at most 100 #S/m.
€.3.2 Diluted hydrochloric acid {HC!), 1mol/l of analytical quality.

C.3.3 Diluted sodium hydroxide {NaOH), of analytical guality (concentration to be determinedbased on the
behaviour of the fly ash).

C.4 Apparatus

The apparatus and tools menticned in this paragraph shall be checked before use to assure the appropriate
operation as well as the absence of disturbing elements that may influence the test results.

C.4.1 Calibrated analytical balance, with a measuring range of at leasi 1 kg and a maximum inaccuracy of
0.01 g.

C.4.2 pH-stationery, or pH-apparatus, with manuat conirol.

C.4.3 Filiration eguipment, suitable for membrane filters of 0,2 um and capable of handling 750 ml of
material.

C.4.4 Membrane filters for the filter equipment, with a pore size of 0,2 ym.
C.4.5 Magnetic stirrer.
C.4.6 Paper filter (medium).

C.4.7 Polyethylene (PE) or glass bottles.
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C.5 Procedure
C.5.1 The test shall be performed at a temperature of the solution that may vary between 20 °C and 25 °C.

C52 Rinse the container of the pH-stationery or the pH-apparatus (C.4.2) twice in succession with
demineralised water {C.3.1). Place the analysis sample (C.2) in the container. Add 750,83 m! demineralised
water (C.3.1).

Stir the suspension intensively for 1 min. Adjust the pH to 8,5 of the suspension manually with diluted
hydrochloric acid (HCH of 1M (C.3.2). Stir the suspension intensively for 10 min with a magnetic stirrer (C.4.5).
Keep the pH of the suspension at 8,5 + 0,2 by use of the pH-stationery or pH-apparatus (C.4.2) adding diluted
hydrochloric acid (C.3.2). Write down the total added volume (ml) of hydrochioric acid {(x}.

In case the fty ash is slightly acidic, the pH shall be adjusted with diluted sodium hydroxide (NaOH) (C.3.3).

C.5.3 Filtrate (under vacuum) the suspension once through the paper filter (C.4.8) over a period of 8 min and
thereafter without rinsing through the membrane filter 0,2 um (C.4.4), over a period of 4 min.

C.5.4 The filtrate shall be stored in polyethylene (PE) or glass botiles (C.4.7).
C.5.5 Analyse the resulting filtrate according to EN IS0 11885, using inductively coupled plasma optical

emission speciroscopy (ICPOES), or any other technique with at least the same accuracy. Dstermine the
concentration P in mg/l (C).

C.6 Calculation

Calculate the content of soluble phosphate as follows:

(7804, o 142 ©1
250 52

L=

where
U is the content of soluble phosphate (as P.0s) in the original sample (ma/ka);
x s the added volume of hydrochloric acid (ml};

¢ is the measured concentration of phesphorus (as P} in the filtrate {mg/l).

C.7 Repori
The report shall centain at least the following information:
— information necessary for the identification of the analysis sample;
— origin and specification of the analysis sample;
— test date;
- added velume of hydrochloric acid and sodium hydroxide;

— content of soluble phosphate (as P.Og).
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Annex ZA
(informative)

Clauses of this European Standard addressing the provisions of the EU
Construction Product Directive.

ZA.1 Scope and relevant characteristics

This European Standard has been prepared under Mandate M/128 {"Products related io concrete, mortar and
grout”)V) given to CEN by the European Commission and the European Free Trade Association.

The clauses of this European Standard shown in this annex meet the requirements of the mandate given
under the EU Construction Preducts Directive (89/108/EEC).

Ceonformity to these clauses cenfers a presumption of fitness of the fly ash covered by this annex for the
intended uses indicated herein; reference shall be made to the information accompanying the CEmarking.

WARNING — Other requirements and other EU Directives, not affecting the fitness for intended uses,
can be applicable to fly ash falling within the scope of this European Standasd.

NOTE 1 In addition o any specific clauses relating to dangerous substances contained in this standard, there may be
other requirements applicable to the products falling within its scope (e.g. transpcsed European legisiation and national
laws, regulations and administrative provisions}. In order to mest the provisions of the £U Construction Products Directive,
these requirements need also to be complied with, when and where they apply.

MOTE 2 An informative database of European and national provisions on dangerous subsiances is available at the
Construction web site on EUROPA {accessed through: hilp://ec.eurcpa.eu/enterprise/consiruciion/cnd-ds/.

This annex establishes the conditions for the CE marking of the fly ash intended for the uses indicated in
Table ZA.1 and shows the relevant clauses applicable:

This annex has the same scope as Clause 1 of this standard and is defined by Table ZA 1.

1) As amended
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Table ZA.1 — Relevant clauses and intended use

Product:

Intended use;

Preparation of ¢concrete, mortar and groui

Fly ash (Type Hl addition) as covered by the scope of this standard

Essential Characteristics

Requirement clauses in this
European Standard

Levels
andfor
classes

Notes

Activity index
(compressive strength)

532

MNone

Requiremeni expressed in terms
of lower limits at 28 and 90 days
(in %)

Pass/fail

Fineness

5.3.1

None

Requirements expressed in terms
of upper limit for sieve residue
(in % by mass) for each of two
different categories and upper
and lower variation limits (in
percentage points}) for one of
these categories.

beclaration of category

Soundness
— Expansion

533

None

Requirement expressed in terms
of upper limit {in mm). Deemed {o
satisfy #f free CaQ does nol
exceed 1,5 % by mass

Pass/fail

Soundness
- Free CaC

525

None

Requirement expressed in terms
of upper limit {in % by mass)

Pass/fail

Loss an ignition

52.2

None

Reguirements expressed in terms
of upper limits (in % by mass) for
sach of three different categories.

Dectaration of category

Composition: Sum of contents
of silicon dioxide, aluminium
oxide and ircn oxide

5.2.8

Nene

Requirement expressed in terms
of lower #imit {in % by mass) oxide

Pass/fail

Composition: Total content of
atkalis

529

None

Requirement expressed in terms
of upper limit (in % by mass).

Pass/fail

Composition: Reactive silicon
dioxide

527

None

Requirement expressed in ferms
of lower limit (in % by mass)

Pass/fail

{continued)
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Table ZA.1 (concluded}

Composition: Sulphate content 52.4 MNone Requirement expressed in terms
of upper imit {in % by mass)
Pass/iail

Composition: Chioride 523 None Reguirement expressed in terms
of upper fimit (in % by mass)
Pass/fail

Composition: Reactive caleium 528 Nong Requirement expressel in terms

nxide of upper limit {in % by mass).

Deemed to satisfy if tolal content
of Ca0 is below 10,0 % by mass

Pass/fai

Composition: Magnesium oxide 5.2.10 None Requirement expressed in terms
of upper limit (in % by mass).

Pass/fail

Composition: Soluble phosphate 52.11 None Requirement expressed in terms
of upper limit (in mg/kg)

Pass/ait

Composition: Total phosphate 5211 None Requirerment expressed in ferms
of upper limit (in % by mass)

Fass/fail

Particle density 534 None Requirement expressed1 as
declared wvalue (in kg/m™) with
upper and fower iolerance limits

Declared value

Intial setting time 535 None Requirement expressed in terms
of upper limit (in minutes) for
deviation from the seltng time of
cement paste without fiy ash,

Pass/fail

Water requirement 536 None Requirement expressed in terms
of upper fimit {in %) {onfy for fly
ash of ineness cafegory S)

Pass/fail

Durabiiity 5.4.1 None Fly ash conforming to this
European Standard is deemed to
provide a durable concrete when
other requiremenis for durability
of concrete in relevant standards
and/or regulations valid in the
place of use are fuliilled.

Release of dangerous substances | 5.4.2 None ZA.1 (Notes 1 and 2) and ZA.3
and emission of radioactivity

The requirement ¢n a certain characteristic is not applicable in those Member States (MSs) where there are
no regulatory requirements on that characteristic for the intended use of the product. In such casss, producers
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placing their products on the market of these MSs are not obliged to deiermine nor declare the performance of
their products with regard to this characteristic and the option "No performance determined” (NPD} in the
information accompanying the CE marking (see ZA.3) may be used. The NPD option may not be used,
however, where the characteristic is subject to a threshold [avel.

ZA.2 Procedure for attesiation of conformity of fly ash

ZA.2.1 System of atiestation of conformity

The system of attestation of corformity of the fly ash indicated in Table ZA2, in accordance with the
Commission decision 1999/48%/EC of 25 June 1899 as amended hy decision 01/588/EC of 8 January 2001 as
given in Annex Il of the mandate for *Praducts related to concrete, mortar and grout”, is shown in Table ZA.2
for the indicated intended use and relevant level(s) or class{es):

Table ZA.2 — System of atiestation of conformity

Product Intended use Level(s)or Attestation of
class(es) conformity system
Additicns Type I For concrete, mortar and grout - 1+

System 1+: See Directive 83M06/EEC (CPD) Annex HL2.(i) with audit testing of samples.

The attestation of conformity of the fly ashes in Table ZA.1 shail be based on the evahiation of conformity
pracedure indicated in Tahle ZA.3 resulting from application of the clauses of this or other European
Standards indicated therein.
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Table ZA.3 — Evaluation of conformity clauses to apply in addition to Clause 8 of this standard

Tasks

Content of the task

Evailuation of conformity
clauses to apply

Tasks for the
producer

Factory production
control (F.R.C}

Parameters related to all relevant
characteristics of Table ZA 1

EN 450-2:2005, 4.1 and
4.2

Further testing of
samples taken at factory

All relevant characteristics of Table 241

EN 450-2:2005, 4.2

Tasks for the
product
certification body

Initial type testing

Ali relevant characieristios of Table ZA 1,
except

- release of dangerous substances and
emission of radicaciivity {see
Figure ZA.1)?

£N 450-2:2005, 5.4 and
5.6

Initial inspection of
factory and of F.P.C

Parameters related (o &l relevant
characteristics of Table ZA A1

EN 450-2:2005, 5.5

Continuous surveiliance,
assessment and approval
of F.P.C.

Parameiers related to all relevant
characteristics of Tahle ZA1

EN 450-2:2008, 5.2 and
53

Audit testing of samples
taken at factory

All relevant characteristics of Table ZA.1,
except

- release of dangerous subsfances and
emission of radicactivity (see Notes 1
and 2 of ZA.1)®

EMN 450-2:2005, 5.4

2

until European tests methods are available.

ZA.2.2 EC Certificate of conformity

When compliance with the conditions of this Annex is achieved, ithe certification body shal draw up a
certificate of conformity (EC Certificate of conformity), which entitles the producer to affix the CE marking. The
EC ceriificate of conformity shall include:

— name, address and identification number of the certification body;

- name and address of the producer, or his authorised representative established in the EEA and place of
production;

NOTE  The manufacturer may also be the parson responsibie for placing the product onto the EEA markat, if he takes
responsibility for CE marking.

- gescription of the product {fly ash for concrete conforming fo this European standard),
—  provisions to which the preduct conforms {i.e. Annex ZA of this Europsan standard),
— particular conditions applicable to the use of the product {none as regards conformity),
— the number of the cerdificate;

— conditions of vaiidity of the certificate, where applicable;

- name of, and position held by, the persan empowered o sign the certificate.

The above mentioned EC certificate of conformity shall be presented in the language or fanguages accepted
in the Member State in which the product is to be used.
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ZA.3 CE marking and labelling

The producer or his authorised representative establishad within the EEA is respansible for the affixing of the
CE marking. The CE marking symbal to affix shail be in accordance with Directive 93/68/EEC and shall be
shown on the accompanying commercial documents e.g. a delivery note {bulk fly ash} or on the packaging
(packed fly ash). The following information shall accompany the CE marking symbal:

a)
b)
c)
d)

&)

identification number of the certification body;

name or identifying mark and registered address of the producer;

the last two digits of the year in which the marking is affixed;

number of the EC Certificate of conformity;

reference to this European Standard with version date;

description of the product: i.e. fly ash for concrete;

information cn those relevant requirements listed in Table ZA.1 which are to be declared presented as:

1} declared values and, where relevant, level or class (including “pass” for pass/fail requirements,
where necessary} to declare for each requirement as indicated in Table ZA.1;

2) “No performance determined” for characteristics where this is relevant;
3} as an alternative, a standard designation which shows some or all of the relevant characteristics

{(where the designation covers only some characteristics, it will need fo be supplemented with
declared values for other characteristics as above}.

The "No performance determined” (NPD) opticn may not be used where the characteristic is subject to a
threshold lavel. Otherwise, the NPD option may he used when and where the characteristic, for a given
intended use, is not subject to regulatory requirements in the Member State of destination.

Figure ZA.1 gives an example of the information to he given on the label, packaging and/or commercial
dacuments.
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COF conformity marking, consising of the
“CE™symbol given in Dircotive
93/68/EEC.

Identification number of the colification
01234 body

AnyCo Lid, PO Box 21, B-1050 Name or identifying mark and egistered

address of the producer

12 Last two digits of the year in which the
marking was affixed

01234-CPD-00234 Certificate number

EN 450-1:2012 N°. of European standard with date of
Yersion
Fiy ash for concrete Description of producl
and
Fineness Category: N information on reguiated characteristics

Declared value of
fineness in case of category M; 25 %

Loss on ignition Category: A
Particle density: 2 300 kg/m®

Dangerous Substance: NL, F2) Abbreviation of the name of the country
) where the fly ash complies wilh national
regulation.

Figure ZA.1 — Example CE marking information

In additicn to any specific information relating to dangercus substances shown above, the product should also
be accompanied, when and where required and in the appropriate form, by documentation lisling any other
legislation on dangerous substances for which compliance is claimed, togather with any information required by
that legislation.

NOTE 1 European legisiation without national derogations need not be mentioned.

NOTE: 2 Affixing the CE marking symbol means, if a product is subject to more than one Directive, that i complies with
all applicable Directives

2) In accordance with the internationally recognised car plate code. To the abbreviation of country name, further
information concerning the provisions may be added.
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National Annex NA
(informative)

Specification for coal fly ash and raw or calcined natural pozzolan for
use in concrete

NA.1 Scope

This National Annex specifies coal fly ash and raw or calcined pozzolan for use in concrete
where cementitious or pozzolanic action, or both, is desired, or where other properties
normally attributed to fly ash or pozzolans may be desired, or where both objectives are to be
achieved.

NOTE. Finely divided materials may tend to reduce the entrained air content of concrete. Hence, if fly
ash or natural pozzolan is added to any concrete for which entrainment of air is specified, provision
should be made to ensure that the specified air content is maintained by air content test and by use of

additional air-entraining admixture or use of an air-entraining admixture in combination with air-
entraining hydraulic cement.

NA.2 Normative references

The following normative references are indispensable for the application of this standard. For
dated references, only the edition cited applies. For undated references, the latest edition of
the normative reference (including any amendments) applies.

ASTM C 125, Standard terminology relating to concrete and concrete aggregates

ASTM C 311, Standard test methods for sampling and testing fly ash or natural pozzolans for
use in portland-cement concrete

NA.3 Terms and definitions

For the purpose of this annex, the terms and definitions given in ASTM C 125 and the
following apply.

NA.3.1 fly ash

The finely divided residue that result from the combustion of ground or powdered coal and
that is transported by flue gasses.

NOTE. This definition of fly ash does not include, among other things, the residue resulting from:
a) the burning of municipal garbage or any other refuse with coal;
b) the injection of lime directly into the boiler for sulfur removal; or

c) the burning of industrial or municipal garbage, in incinerators commonly known as “incinerator ash.”
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NA.4 Classification

NA.4.1 Class N

Raw or calcined natural pozzolans that comply with the applicable requirements for the class
as given herein, such as some diatomaceous earths; opaline cherts and shales; tuffs and
volcanic ashes or pumicities, calcined or uncalcined; and various materials requiring
calcinations to induce satisfactory properties, such as some clays and shales.

NA.42 ClassF

Fly ash that meets the applicable requirements for this class as given herein. This class of fly
ash has pozzolanic properties.

NA.4.3 ClassC

Fly ash that meets the applicable requirements for this class as given herein. This class of fly
ash, in addition to having pozzolanic properties, also has some cementitious properties.

NOTE. Class F fly ash is typically produced from burning anthracite or bituminous coal, but may also be
produced from subbituminous coal and from lignite. Class C fly ash is typically produced from burning
lignite or subbituminous coal, and may also be produced from anthracite or bituminous coal. Class C fly
ash contains total calcium contents expressed as calcium oxide (CaO), higher than 10 %.

NA.5 Ordering information

NA.5.1 The purchaser should specify any supplementary optional physical requirements.
NA.5.2 The purchaser should indicate which procedures, A or B should be used when

specifying requirements for effectiveness in contribution to sulfate resistance under Table
NA.1.

NA.6 Chemical composition

Fly ash and natural pozzolans should conform to the requirement as to chemical composition
prescribed in Table NA.2.

NOTE. The chemical component determinations and the limits placed on each do not predict the
performance of the fly ash or natural pozzolan with hydraulic cement in concrete, but collectively help
describe composition and uniformity of the material.

NA.7 Physical properties

Fly ash and natural pozzolans should conform to the physical requirements prescribed in
Table NA.3. Supplementary optional physical requirement are shown in Table NA.1.
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Table NA.1. Supplementary optional physical requirements

Supplementary optional physical requirements Class

Multiple factor, calculated as the product of the loss ignition and
fineness, amount retained when wet-sieved on 45 um (No0.325) sieve, - 255 -
maximum %"

Increase of drying shrinkage of mortar bars at 28 days,
max. difference, in %, over control® 0.03 0.03 | 0.03

Uniformity requirement:

In addition, when air-entraining concrete is specified, the quantity of air-

oy . . 20 20 20
entraining agent required to produce an air content of 18.0 vol % of
mortar should not vary from the average established by the 10 preceding
test or by all preceding test if less than 10, by more than, %

Effectiveness in controlling alkali-silica reaction”:

Expansion of test mixture as percentage of low -alkali cement control, at 100 100 100

14 days, maximum %

Effectiveness in contributing to sulfate resistance”:

Procedure A: Expansion of test mixture:

-.For moderate sulfate exposure after 6 months exposure, maximum % 0.10 0.10 | 0.10
- For high sulfate exposure after 6 months exposure, maximum % 0.05 0.05 | 0.05
Procedure B: Expansion of test mixture as a percentage of sulfate 100 100 100

resistance cement control after at least 6 months exposure, maximum %

NOTE. These optional requirements apply only when specially requested.
A Applicable only for Class F fly ash since the loss on ignition limitations predominate for Class C.

8 Determination of compliance or noncompliance with the requirement relating to increase in drying shrinkage will be made
only at the request of the purchaser.

© Fly ash or natural pozzolans meeting this requirement are considered as effective in controlling alkali silica reactions as
the use of the low-alkali control cement used in the evaluation. However, the fly ash of natural pozzolan should be
considered effectively only when used at percentages by mass of the total cementitious material equal to or exceeding that
used in the tests and when the alkali content of the cement to be used does not exceed that used in the test by more than
0.05 %. See ASTM C 311.

® Fly ash or natural pozzolan should be considered effective only when the fly ash or natural pozzolan is used at
percentage, by mass, of the total cementitious material within 2 % of those that are successful in the test mixtures or
between two percentage that are successful, and when the C3A content of the project cement is less than or equal to, that
which was used in the last mixtures. See ASTM C 311. ° Fly ash or natural pozzolan should be considered effective only
when the fly ash or natural pozzolan is used at percentage, by mass, of the total cementitious material within 2 % of those
that are successful in the test mixtures or between two percentage that are successful, and when the C3A content of the
project cement is less than or equal to, that which was used in the last mixtures. See ASTM C 311.
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Table NA.2. Chemical requirements

Chemical composition Class
N F C
o o §50s ps bainum o W:0Ips | 700 | 7m0 | 509
Sulfur trioxide (SOjz), maximum % 4.0 5.0 5.0
Moisture content, maximum % 3.0 3.0 3.0
Loss on ignition, maximum % 10.0 6.0 6.0

A The use of Class F pozzolan containing up to 12.0 % loss on ignition may be approved by the user if either
acceptable performance records or laboratory test result are made available.

Table NA.3. Physical requirements

Physical requirements Class
N F Cc
Fineness:
Amount retained when wet-sieved on 45 um (No. 325) sieve, 34 34 34
Maximum %

Strength activity index”:

With portland cement, at 7 days, minimum percent of control 758 758 758
With portland cement, at 28 days, minimum percent of control

Water requirement, maximum, percent of control 115 105 105
Soundness”:

Autoclave expansion or contraction, maximum % 0.8 0.8 0.8

Uniformity requirements:

The density and fineness of individual samples should not vary from
the average established by the ten preceding test, or by all
preceding test if the number is less than ten by more than:

-Density maximum variation from average, % S S S
-Percent retained on 45 pum (No. 325), maximum variation, 5 5 5
percentage points from average

A The strength activity index with portland cement is not be considered a measure of the compressive strength of
concrete the fly ash or natural pozzolan. The mass of fly ash or natural pozzolan. The mass of fly ash or natural
pozzolan specified for the test to determine the strength activity index with portland cement is not considered to be the
proportion recommended for the concrete to be used in the work. The optimum amount of fly ash or natural pozzolan for
any specific projects is determined by the required properties of the concrete and other constituents of the concrete and
is to be established by testing. Strength activity index with portland cement is a measure of reactivity with a given
cement and is subject to variation depending on the source of both the fly ash or natural pozzolan and the cement.

B Meeting the 7 days or 28 days strength activity index will indicate specification compliance.

€ |f the fly ash or natural pozzolan will constitute more than 20 % by mass of the cementitious material in the project
mixture, the test specimens for autoclave expansion should contain that anticipated percentage. Excessive autoclave
expansion is highly significant in cases where water to comentitious material ratios are low, for example, in block or
shotcrete mixtures.
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NA.8 Methods of sampling and testing

NA.8.1 Sample and test the fly ash or natural pozzolan is in accordance with the
requirements of ASTM C 311.

NA.8.2 Use cement of the type proposed for use in the work and, if available, from the mill
proposed as the source of the cement, in all test requiring the use of hydraulic cement.

NA.9 Storage and inspection

NA.9.1  The fly ash or natural pozzolan should be stored in such a manner as to permit
easy access for proper inspection and identification of each shipment.

NA.9.2 Inspection of the material should be made as agreed upon by the purchaser and
the seller as part of the purchase contract.

NA.10 Rejection

NA.10.1 The purchaser has the right to reject material that fails to conform to the
requirements of this specification. Rejection should be reported to the producer of supplier
promptly and in writing.

NA.10.2 The purchaser has the right to reject packages varying more than 5 % from the
stated weight. The purchaser also has the right to reject the entire shipment if the average
weight of the packages in any shipment, as shown by weighing 50 packages in any shipment,
as shown by weighing 50 packages taken at random, is less than that specified.

NA.10.3 The purchaser has the right to require that material in storage prior to shipment
for a period longer than 6 months after testing be retested. The purchaser has the right to
reject such material if it fails to meet the fineness requirements.

NA.11 Packaging and package marking
When the fly ash or natural pozzolan is delivered in packages, the class, name, and brand of
the producer, and the weight of the material contained therein, should be plainly marked on

each package. Similar information should be provided in the shipping invoices accompanying
the shipment of package or bulk material.

© STANDARDS MALAYSIA 2014 - All rights reserved 35



Acknowledgements

Members of Technical Committee on Cement

Ir Choo Kok Beng (Chairman)
Ms Elaine Chiew (Secretary)

Mr Hafiz Yusof/

Ms Chan Yew Lai

Ir M. Ramuseren

Haji Yahya Ariffin

Mr Gan Hock Seng

Mr Tong How Peng

Mr Azmin Isa/

Mr Imran Daud

Dr MP Devandran/

Ir Soo Thong Phor

Ms Nik Aida Azura Nik Md Salleh
Ms Raja Nor Siha Raja Abd Hanan
Ir Hooi Wing Chuan

Dr Muhammed Fauzi Mohd Zain
Prof Dr Hilmi Mahmud

Dr Abdul Rahman Mohd Sam

Co-opted members

Mr CF Chong

Mr George Decruz/

Mr Mohd Rafizam Razali
Mr Alzian Mohd Kassim
Mr Ng Kah Seng

Mr Norman Tan

The Institution of Engineers, Malaysia
The Cement and Concrete Association of Malaysia
Associated Pan Malaysia Cement Sdn Bhd

Construction Industry Development Board Malaysia
IKRAM QA Services Sdn Bhd

Master Builders Association Malaysia

National Ready Mixed Concrete Association

Negeri Sembilan Cement Industries Sdn Bhd

Pahang Cement Sdn Bhd

SIRIM Berhad

SIRIM QAS International Sdn Bhd
The Institution of Engineers, Malaysia
Universiti Kebangsaan Malaysia
Universiti Malaya

Universiti Teknologi Malaysia

Aalborg Portland Malaysia Sdn Bhd
Cement Industries of Malaysia Berhad

CMS Cement Sdn Bhd
Lafarge Cement Sdn Bhd
Tasek Corporation Berhad

Members of Working Group on EN 450

Ir Soo Thong Phor (Chairman)
Ms Elaine Chiew (Secretary)
Mr Sukumar

Mr Bobby Chavaz

Mr Ng Kah Seng

Mr Gan Hock Seng

Ms Teng Siew Chin

Mr Imran Daud

Dr Lai Fook Chuan

Mr Hanon Nazir Mohd Basir/
Mr Rahim Wasik

Mr Mohd Tahir Mali

Pahang Cement Sdn Bhd

The Cement and Concrete Association of Malaysia
Ace Greencemt Venture (M) Sdn Bhd

Holcim (Malaysia) Sdn Bhd

Lafarge Cement Sdn Bhd

Master Builders Association Malaysia

National Ready Mixed Concrete Association
Negeri Sembilan Cement Industries Sdn Bhd

Sika Kimia Sdn Bhd

SIRIM QAS International Sdn Bhd

Tasek Corporation Berhad

© STANDARDS MALAYSIA 2014 - All rights reserved



© Copyright 2014

All rights reserved. No part of this publication may be reproduced or utilised in any
form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the Department of Standards Malaysia.



