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FOREWORD

This Malaysian Standard was developed by the Working Group on Aggregates for Mortar
under the authority of the Industry Standards Committee on Building, Construction and Civil
Engineering.

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.
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AGGREGATES FOR MORTAR - SPECIFICATION

1 Scope

This Malaysian Standard specifies the properties of aggregates and filler aggregates obtained
by processing natural, manufactured or recycled materials and mixtures of these aggregates
for use in mortar, such as:

a) masonry mortar;

b) floor or screed mortar;

¢) surfacing of internal walls (plastering mortar);

d) rendering of external walls;

e) special bedding materials;

f)  repair mortar; and

g) grouts;

for buildings, roads and civil engineering works.

This standard does not cover filler aggregates to be used as a constituent in cement or as
other than inert filler aggregates for mortars or aggregates to be used in the surface layer of

industrial floors.

It provides for the evaluation of conformity of the products to this standard.

NOTES:

1. The requirements in this standard are based upon experience with aggregate types with an established pattern of
use. Care should be taken when considering the use of aggregates from sources with no such pattern of use, e.g.,
recycled aggregates and aggregates arising from certain industrial by-products. Such aggregates, which should
comply with all the requirements of this standard, could have other characteristics not included in Mandate M 125
that do not apply to the generality of aggregate types with an established pattern of use and when required,
provisions valid at the place of use can be used to assess their suitability.

2. Properties for lightweight aggregates are specified in prEN 13055-1.

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.

MS 30: Part 1, Methods of testing aggregates - Part 1: General requirement for apparatus and
calibration in coarse aggregates

MS 30: Part 2, Methods of testing aggregates - Part 2: Guide to sampling and testing
aggregates

© STANDARDS MALAYSIA 2010 - All rights reserved 1
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MS 30: Part 3, Methods of testing aggregates - Part 3: Methods for sampling

MS 30: Part 4, Methods of testing aggregates - Part 4: Methods of determination of particle
size distribution

MS 30: Part 5, Methods of testing aggregates - Part 5: Methods for determination of particle
shape

MS 30: Part 6, Method of testing aggregates - Part 6: Method for determination of shell
content in coarse aggregate (First revision)

MS 30: Part 7, Methods of testing aggregates - Part 7: Methods for determination of moisture
content (First revision)

MS 30: Part 13, Methods of testing aggregates - Part 13: Methods for determination of water-
soluble chloride salts

MS 30: Part 14, Methods of testing aggregates - Part 14: Methods for determination of
sulphate content

ISO 565:1990, Test sieves - Metal wire cloth, perforated metal plate and electroformed sheet
- Nominal sizes of openings

EN 933-8, Tests for geometrical properties of aggregates - Part 8: Assessment of fines - Sand
equivalent test

EN 933-9, Tests for geometrical properties of aggregates - Part 9: Assessment of fines -
Methylene-blue test

EN 933-10, Tests for geometrical properties of aggregates - Part 10: Assessment of fines -
Grading of fillers (air jet sieving)

EN 1744-1:1998, Tests for chemical properties of aggregates - Part 1: Chemical analysis

3 Terms and definitions

For the purposes of this standard the following terms and definitions apply.

3.1 Aggregate

Granular material used in construction. Aggregate maybe natural, manufactured or recycled.
3.2 Aggregate size

Description of aggregate in terms of lower (d) and upper (D) sieve sizes.

NOTE. This designation accepts the presence of some particles which are retained on the upper sieve (oversize)
and some which pass the lower sieve (undersize).

2 © STANDARDS MALAYSIA 2010 - All rights reserved
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3.3 Batch

Production quantity, a delivery quantity, a partial delivery quantity (railway wagon, load, lorry-
load, ship’s cargo) or a stockpile produced at one time under conditions that are presumed
uniform.

NOTE. With a continuous process the quantity produced during a specified period should be treated as a batch.

3.4 Category

Level of a property of an aggregate expressed as a range of values or a limiting value.

NOTE. There is no relationship between the categories of different properties.
3.5 Coarse aggregate

Designation given to the larger aggregate sizes with D greater than or equal to 4 mm and d
greater than or equal to 2 mm.

3.6  Filler aggregate

Aggregate, most of which passes a 0.063 mm sieve, which can be added to construction
materials to provide certain properties.

NOTE. See 3.8 for the definition of “fines”.
3.7 Fine aggregate

Designation given to the smaller aggregate sizes with D less than or equal to 4 mm.

NOTE. Fine aggregate can be produced from natural disintegration of rock or gravel and or by the crushing of rock
or gravel or processing of manufactured aggregate.

3.8 Fines

Particle size fraction of an aggregate which passes the 0.063 mm sieve.

3.9 Grading

Particle size distribution expressed as the percentages by mass passing a specified set of
sieves.

3.10 Manufactured aggregate

Aggregate of mineral origin resulting from an industrial process involving thermal or other
modification.

3.11 Natural aggregate

Aggregate from mineral sources which has been subjected to nothing more than mechanical
processing.

© STANDARDS MALAYSIA 2010 - All rights reserved 3
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3.12 Oversize

Part of the aggregate retained on the larger of the limiting sieves used in aggregate size
description.

3.13 Particle size fraction

Fraction of an aggregate passing the larger of two sieves and retained on the smaller.

NOTE. The lower limit can be zero.

3.14 Recycled aggregate

Aggregate resulting from the processing of inorganic material previously used in construction.
3.15 Undersize

That part of the aggregate passing the smaller of the limiting sieves used in aggregate size
description.

4 Sampling
Sampling shall be carried out as specified in MS 30: Part 2 and MS 30: Part 3.

NOTE. To ensure a representative sample care should be taken to avoid segregation.

5 Geometrical requirements

5.1 General

The necessity for testing and declaring all properties specified in this clause shall be limited
according to the particular application at end use or origin of the aggregate. When required,
the tests specified in this clause shall be carried out to determine appropriate geometrical
properties.

5.2 Aggregate sizes

5.2.1 All aggregates shall be described in terms of aggregate sizes using the designations
dID except for aggregates added as fillers which shall be described as filler aggregate.

5.2.2 Aggregate size shall be described by the pair of sieve sizes in millimetres with the
lower limit designation and D as the upper limit designation sieve between which most of the
particle size distribution lies, e.g. 0/14 mm, 0/12 mm, 2/4 mm, etc..

5.2.3 The following aggregate sizes are preferred:

a) 0/1 mm;

b) 0/2 mm;

c) 0/4 mm;

4 © STANDARDS MALAYSIA 2010 - All rights reserved



MS 2280:2010

d) 0/8 mm;

e) 2/4 mm;and
f) 2/8mm.

5.3 Grading

The grading of aggregates, determined in accordance with MS 30: Part 4 shall conform to the
following requirements as appropriate to their aggregate size (d/D).

5.3.1 Oversize and undersize limits

Aggregates sizes specified in 5.2.3 shall conform to the oversize and undersize limits given in
Table 1, except where otherwise specified for special uses.

Table 1. Oversize and undersize limits

Limits in percentage passing by mass
Agg_regate Oversize Undersize

sizes

(mm) 2D* 1.4D° D° d 0.5d°
0/1 100 95 to 100 850 99 - -
0/2 100 95 to 100 85t0 99 - -
0/4 100 95 to 100 85t0 99 - -
0/8 100 98 to 100 90 to 99 - -
2/4 100 95 to 100 85 to 99 0to 20 0to5
2/8 100 98 to 100 85t0 99 0to 20 Oto5

% Where essential for special purposes the sieve on which 100 % passes may be specified at a value less than 2D.
For thin layer mortar (0/1) 100 % shall pass D.

® Where the sieves calculated as 0.5d and 1.4D are not exact numbers in the I1SO 565:1990/R20 series the next
nearest sieve size shall be adopted.

° If the percentage passing D > 99 % by mass, the producer shall document and declare the typical grading including
the sieves identified in Table 2.

5.3.2 Typical grading and tolerances
The following requirements shall be applied to control the variability of the fine aggregate.

When required the producer shall document and declare the typical grading for each fine
aggregate size produced. When assessing production within a system of continuous factory
production control, at least 90 % of the most recent 20 results of grading shall fall within the
appropriate tolerances specified in Table 2 about the declared grading.

NOTES:
1. Recommendations for the description of the coarseness of the aggregates are given in Annex A.
2. The majority of fine aggregates in regular satisfactory use for most applications conform to general use grading

requirements. It is not intended that special use gradings should apply except where essential for particular
applications.
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Table 2. Tolerances on producers’ declared typical gradings for general use

aggregates
Maximum tolerance in percentage passing by mass® "
Sieve Aggregate size
(mm) (mm)
0/8 0/4 0/2 0/1

8 +5 - - -

4 - +5 - -

2 +10 - +5 -

1 +10 +20 +20 +5
0.250 +10 +20 +25 +25
0.063 +2 +3 +5 +5

? Not withstanding the tolerances listed above, the aggregate shall conform to the requirements of Tables 1 and 4.
® For special purposes the producer and purchaser can agree reduced grading tolerances (see 5.3.4 and Annex B).

5.3.3 Filler aggregate

The grading of filler aggregate determined in accordance with EN 933-10 shall conform to the
limits specified in Table 3.

When required the producer shall document and declare the typical grading for each filler
aggregate size produced.

When assessing production within a system of continuous factory production control at least
90 % of the most recent 20 results of grading shall fall within the appropriate tolerances
specified in Table 2.

Table 3. Grading requirements for filler aggregate

Percentage passing by mass
Sieve size S Maximum producers’ declared
(mm) Overall rar:g;a for individual grading range for 90 % of
ults
results

2 100 -
0.125 85 to 100 10
0.063 70 to 100 10

5.3.4 Special use aggregates

When specified for special uses and cases where the variability of grading is reduced, the
grading tolerances shall be applied in accordance with Annex B.

6 © STANDARDS MALAYSIA 2010 - All rights reserved
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5.4 Particle shape and shell content
5.4.1 Particle shape

The particle shape of fine aggregates smaller than 4 mm is not normally relevant in the
behavior of mortars.

When required the particle shape for aggregate fractions coarser than 4 mm shall be
determined in accordance with MS 30: Part 5 and the results declared.

5.4.2 Shell content

When exceptionally required the shell content for aggregate fractions coarser than 4 mm shall
be determined in accordance with MS 30: Part 6 and the results declared.

NOTE. Itis usually not necessary to specify requirements for the shell content.

5.5 Fines

5.5.1 Fines content

The fines content, determined in accordance with MS 30: Part 4, shall not exceed the limits
specified in Table 4 for the selected category. The limits for fines content of filler aggregates

shall comply with the requirements specified in Table 4.

Table 4. Limits for fines content

Aggregate Maximum percentage passing 0.063 mm sieve by mass
(il]znf) Category 1 Category 2 Category 3 Category 4 Category 5
0/1® 3 5 8 30 >30°
0/2 3 5 8 30 -
0/4; 2/4° 3 5 8 30 -
0/8; 2/8" 3 5 8 11 -
NOTES:

1. Depending on the end use the appropriate category should be selected.

2. Examples of end uses for different categories are:
a) Category 1: floor screeds, sprayed, repair mortars, grouts (all aggregates);
b) Category 2: rendering and plastering mortars (all aggregates);
c) Category 3: masonry mortars (all aggregates except crushed rock); and

d) Category 4: masonry mortars (crushed rock).

a

Value to be declared by the producer.

L Aggregate sizes 2/4 and 2/8 are used only in mortar in combination with sizes 0/1, 0/2, 0/4 and 0/8. Combinations
of aggregate sizes shall conform to the limits for the fines content for the appropriate combined aggregate size.

© STANDARDS MALAYSIA 2010 - All rights reserved 7
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5.5.2 Fines quality

When the fines content in the fine aggregate exceeds 3 % by mass and there is documented
evidence of satisfactory use, further testing may not be necessary. When it is required,
aggregates and filler aggregates shall be assessed for harmful fines in accordance with
Annex C.

NOTE. Itis not possible currently, pending further research, to establish universal requirements for harmful fines for
all materials. Further guidance on the assessment of harmful fines is included in Annex C.

6 Physical requirements
6.1 General

The necessity for testing and declaring all properties specified in this clause shall be limited
according to the particular application at end use or origin of the aggregate. When required,
the tests specified in Clause 6 shall be carried out to determine appropriate physical
properties.

6.2. Particle density and water absorption
6.2.1 Particle density

The particle density shall be determined in accordance with MS 30: Part 7 and the results
declared stating the clause number of the test method and the equations used.

6.2.2 Water absorption

The water absorption shall be determined in accordance with MS 30: Part 7 and the results
declared stating the clause number of the test method and the equations used.

7 Chemical requirements
7.1 General

The necessity for testing and declaring all properties specified in this clause shall be limited
according to the particular application at end use or origin of the aggregate and filler
aggregate. When required, the tests specified in this clause shall be carried out to determine
appropriate chemical properties.

Aggregates and filler aggregates shall not contain materials in proportions that are harmful to
the durability or surface properties of the mortar in which they are incorporated.

NOTES:

1. The chemical requirements specified in 7.2, 7.3.7.4 and 7.5 apply only to aggregates and filler aggregates for
use in mortars in which the binder contains cements within the scope of MS 522: Part 1.

2. Guidance on the effects of chemical constituents in aggregates and filler aggregates, including alkali-silica

reactivity, related to the durability, appearance and surface properties of the mortar in which they are incorporated is
given in Annex D.

8 © STANDARDS MALAYSIA 2010 - All rights reserved
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3. When the value of a property is required but not defined by specified limits the value should be declared by the
producer as an XXpeciarea Category, e.g., in Table 5 for air-cooled blast furnace slag a value of say 1.2 % corresponds
to ASl 2 (Declared value).

4.  When a property is not required, a “No requirement” category can be used.

5. Guidance on selection of appropriate categories for specific applications can be found in national provisions in
the place of use of the aggregate and filler aggregate.

7.2 Chlorides

When required the water-soluble chloride ion content of aggregates for mortar and filler
aggregates shall be determined in accordance with MS 30: Part 13 and the results declared.

NOTE. The requirements for water soluble chloride ion content in mortars apply to the total chloride content derived
from all components in the mortar. Requirements for the maximum permissible chloride content in masonry mortars
are specified in EN 998-2 and depending upon the end use of the mortar and for other mortars in MS 523: Part 1.
Further guidance is given in Annex D.

7.3  Sulfur containing compounds

7.3.1 Acid-soluble sulfate

The acid-soluble sulfate content of the aggregates and filler aggregates for mortar determined
in accordance with MS 30: Part 14 shall be declared in accordance with the relevant category

specified in Table 5.

Table 5. Categories for maximum values of acid-soluble sulfate content

Aggregate Acid soluble sulfate content - Category AS
Percentage loss by mass

Aggregates other than air-cooled <0.2 ASo.2
blast furnace slag <08 ASos

>0.8 ASpeclared
No requirement ASnRr
Air-cooled blast furnace slag <1.0 AS10
>1.0 ASnNR
No requirement ASnr

© STANDARDS MALAYSIA 2010 - All rights reserved 9
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7.3.2 Total sulfur

The total sulfur content of the aggregate and filler aggregates, determined in accordance with
EN 1744-1:1998, Clause 11, shall not exceed:

a) 1% S by mass for natural aggregates; and
b) 2% S by mass for air-cooled blast furnace slag.

Special precautions are necessary if pyrrhotite (an unstable form of iron sulfide FeS) is
present in the aggregate. If this mineral is known to be present, a maximum total sulfur
content of 0.1 % as S shall apply.

7.4 Constituents which alter the rate of setting and hardening of mortar

Aggregates and filler aggregates that contain organic or other substances in proportions that
alter the rate of setting and hardening of mortar shall be assessed for the effect on stiffening
time and compressive strength in accordance with 15.3 of EN 1744-1:1998.

The proportions of such materials shall be such that they do not:
a) increase the stiffening time of mortar test specimens by more than 120 min; and

b) decrease the compressive strength of mortar test specimens by more than 20 % at 28
days.

The presence of organic matter shall be determined in accordance with 15.1 of EN 1744-
1:1998 (sodium hydroxide test). If the results indicate the presence of humic acid, the
presence of fulvo acids shall be determined in accordance with 15.2 of EN 1744-1:1998. If the
supernatant liquid in these tests is lighter than the standard colours the aggregates shall be
considered to be free from organic matter.

NOTES:

1. Some inorganic compounds which discolour the supernatant liquid in the sodium hydroxide test do not
adversely affect the setting and hardening of mortar.

2. Sugars do not affect the colour of the supernatant liquid in the sodium hydroxide test or the fulvo acid test. If it is
suspected that sugars or sugar-type materials are present, the aggregate should be tested using the mortar
specimen test (see 15.3 of EN 1744-1:1998). The stiffening time and compressive strength requirements shown
above should apply.

When required, the presence of lightweight organic contaminators shall be tested in
accordance with 14.2 of EN 1744-1:1998 and the results declared.

7.5 Additional requirements for manufactured aggregates

7.5.1 Water soluble matter

When determined in accordance with Clause 16 of EN 1744-1:1998 water soluble matter shall
not exceed 1 % by mass.

10 © STANDARDS MALAYSIA 2010 - All rights reserved
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7.5.2 Loss onignition

When required, the loss on ignition determined in accordance with Clause 17 EN 1744-
1:1998 shall not exceed the limits specified in Table 6.

Table 6. Limits for loss on ignition

Loss on ignition (by mass)

Air cooled blast furnace slag Pulverized fuel ash (pfa)
(%) (%)
3 5@

% See 4.2.2 of EN 450:1995. A loss on ignition of 7 % may be tolerated at the place of use
depending upon the environmental class to which the structure is exposed.

7.6  Durability
7.6.1 Alkali-silica reactivity

When required the alkali-silica reactivity of aggregates and filler aggregates shall be assessed
in accordance with the provisions valid in the place of use and the results declared.

NOTE. Guidance on the effects of alkali-silica reactivity is given in Annex D.

8 Evaluation of conformity
8.1 General

The producer shall undertake initial type tests (see 8.2) and factory production control (see
8.3) to ensure that the product conforms to this standard and to declared values as
appropriate.

8.2 Initial type tests

Initial type tests relevant to the intended end use shall be carried out to check compliance
with specified requirements in the following circumstances:

a) anew source of aggregates is to be used; and

b) there is a major change in the nature of the raw materials or in the processing conditions
which may affect the properties of the aggregates.

The results of the initial tests shall be documented as the starting point of the factory
production control for that material. This shall particularly include the identification of any
components likely to emit radiation above normal background levels, any components likely to
release polyaromatic carbons or other dangerous substances. If the content of any of these
components exceeds the limits in force according to the provisions valid in the place of use of
the aggregate, the results of the initial tests shall be declared.

© STANDARDS MALAYSIA 2010 - All rights reserved 11
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8.3 Factory production control

The producer shall have in place a system of factory production control that complies with the
requirements of Annex E.

The records held by the producer shall indicate what quality control procedures are in
operation during the production of the aggregate.

NOTE. The form of control applied to any aggregate depends upon its intended use and the regulations relating to
that use.

9 Designation and description
9.1 Aggregates for mortar and filler aggregates shall be designated as follows:
a) source (name of pit or quarry or, in case of doubt, also depot);

b) type of aggregate (a simple indication of the petrographic type, geological origin or a
trade name);

c) the number of this standard;
d) aggregate size; and
e) any additional information needed to identify the particular aggregate.

NOTE. The purchaser should inform the producer (or supplier) at the time of order of any special requirements
associated with a particular end use and of his requirements for extra information.

9.2 A full description of the aggregate would consist of the properties and information listed
in Annex F.

10 Marking and labeling

Each delivery of aggregates for mortar shall be accompanied by a numbered delivery ticket,
issued by or on behalf of the producer, stating:

a) source (name of pit or quarry or in case of doubt, also depot);
b) the production area and/or location;

c) the date of despatch;

d) the designation in accordance with Clause 9; and

e) if required, the particle density and maximum chloride content.

NOTE. It can be a requirement of the supply agreement to have additional information included on the delivery
ticket.

12 © STANDARDS MALAYSIA 2010 - All rights reserved
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Annex A
(informative)

Guidance on the description of coarseness or fineness of aggregates for
mortars

Tables A1 and A2 should be used when additional descriptions for the coarseness or fineness
of aggregates for particular end-uses are specified. Either table, but not both, may be used for
such descriptions.

In Tables Al and A2 coarse graded aggregates are denoted by the letter C, medium graded
by M and fine graded by F.

Additionally when Table Al is selected, a “P” for percentage passing the 0.500 mm sieve is
added after C, M or F (e.g. for medium grading sands MP).

Similarly when Table A2 is selected, an “F” for fineness modulus is added after C, M or F (e.g.
for fine grading sands FF).

Table A1l. Coarseness or fineness based on the percentage passing the 0.500 mm
sieve

Percentage passing by mass
CP MP FP
5to 45 30to 70 55 to 100

Table A2. Coarseness or fineness based on the fineness modulus

Percentage passing by mass
CP MP FP
3.6t024 2.8t01.5 2.11t00.6

Fineness modulus (FM) is used to check consistency. Where additionally required, the FM of
a delivery should be within the limits of the declared FM + 0.25 or other specified limit.

NOTES:

1. Fineness modulus (FM) is calculated as the sum of cumulative percentages by mass retained on the following
sieves (mm) expressed as a percentage:

. [ )+ 2)+ (> 1)+ (> 0.5)+ (> 0.25)+ (> 0.125)]

100
2. The result of the fineness modulus calculation is strongly influenced by the fines content. Crushed rock

aggregate could be classified as a fine aggregate although the aggregate without the fines is to be considered as a
typical course aggregate.
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Annex B
(normative)

Reduced grading tolerances on producer’s declared typical grading for
fine aggregate

Reduced grading tolerances on producer’s declared typical grading for fine aggregate shall
conform to the requirements specified in Table B1.

Table B1. Reduced grading tolerances on producer’s declared typical grading for fine

aggregate
Tolerances in percentage passing by mass
Sieve size 0/4 0/2 0/1

(mm) (mm) (mm) (mm)

4 +5 - -

2 - +5

1 +10 +10 +5
0.250 +10 +15 +15
0.063 +2 +3 +3

NOTE. See 5.3.4.
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Annex C
(normative)

Assessment of fines - Guidance on the use of the sand equivalent value
(EN 933-8) and methylene blue value (EN 933-9)

Fines can be considered non-harmful when any of the four following conditions apply:

a) the total fines content of the fine aggregate is less than 3 % or other value according to
the provisions valid in the place of use of the aggregate;

b) the sand equivalent value (SE), when tested in accordance with EN 933-8, exceeds a
specified lower limit;

c) the sand equivalent value is less than the particular (SE) limit but the methylene blue test
gives a value less than the (MB) limit; and

d) the methylene blue test, when tested in accordance with EN 933-9 gives a value (MB)
less than a particular specified limit.

NOTES:

1. The limits and/or categories should be established from experience of existing requirements of materials in local
satisfactory use according to the provisions valid in the place of use of the aggregate.

2. The requirements for the sand equivalent and methylene blue tests on 0/2 fraction should normally be expressed
with a probability of 90 %.

3. When equivalence of performance with known satisfactory aggregates is established or there is evidence of
satisfactory use with no experience of problems the fines in the aggregate may also be considered as non-harmful.
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Annex D
(informative)

Guidance on the effects of some chemical constituents of aggregates on
the mortar in which they are incorporated

D1 Chlorides

Chlorides can be present in aggregates; the quantity present being largely dependent on the
source of the aggregate. Chloride salts can contribute to the formation of efflorescence on
exposed surfaces of mortar. In addition, to minimise the risk of corrosion of metals embedded
in mortar (wall ties, etc.) it is usual to limit the amount of chloride in mortar contributed from all
constituents.

The chloride ion content requirements of EN 998-2:2001 are usually achieved when the
water-soluble chloride ion content of the aggregate does not exceed 0.15 % for plain mortar
and 0.06% for mortar with embedded metals. These values are intended for the guidance of
aggregate producers.

D2 Sulfates

Sulfates in aggregates can give rise to the expansive disruption of mortar. Such salts can also
lead to the production of unsightly deposits on exposed surfaces of mortar. Under certain
circumstances, other sulfur compounds can oxidise in the mortar to produce sulfates. These
can also give rise to the expansive disruption of the mortar.

D3 Staining and pop-outs

Some constituents of aggregates can cause staining and discolouration or swelling and pop-
outs of the mortar in which they are incorporated. Iron pyrite and lignite are two examples of
such harmful constituents.

D4 Damage to exposed surfaces

Impurities that can cause damage to exposed surfaces include particles of wood, coal, clay
bound products, reactive waste materials and harmful residues from former loads in the
means of transport.

D5 Other harmful constituents

Where appearance is an essential feature of the mortar, aggregates should not contain
materials in proportions that cause damage to exposed mortar surfaces. Since very small
percentages by mass of contaminators in aggregates can have a considerable effect on
exposed mortar surfaces, attention should be given to the suitability of a source for a
particular end use.
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Other constituents can adversely affect the rate of hydration of cement, altering the rate of
setting and hardening of mortar. Humus and sugar-type materials are two examples of
substances that affect the rate of setting and hardening of mortar. Certain clay minerals also
adversely affect the rate of development of strength the strength and durability of mortar in
which they are incorporated.

D6 Alkali-silica aggregate reaction

Certain aggregates can react with alkalis present in the pore fluids of mortar. Under adverse
conditions and in the presence of moisture this can lead to expansion and subsequent
cracking or disruption of the mortar. The most common form of reaction occurs between
alkalis and certain forms of silica (alkali-silica reaction). Other much less common forms of
reaction are alkali-silicate and alkali-carbonate reaction.

In the absence of previous long-term experience of a lack of disruptive reactivity of a
particular combination of cement and aggregate, it can be necessary to take one of the
following procedures:

a) limit the total alkali content of the mortar mix;

b) use a cement with a low effective alkali content;

C) use a non-reactive aggregate combination; and

d) limit the degree of saturation of the mortar with water.

The combination of aggregate and cement should be assessed using procedures described in

national standards and regulations valid in the place of use only when compliance with one of
the above procedures is not possible.
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Annex E
(normative)

Factory production control

E1 Introduction

This annex specifies a factory production control system for aggregates to ensure that they
conform to the relevant requirements of this standard.

The performance of the factory production control system shall be assessed according to the
principles used in this annex.

E2 Organisation

E2.1 Responsibility and authority

The responsibility, authority and the interrelation between all personnel who manage, perform
and check work affecting quality shall be defined, including personnel who need
organisational freedom and authority to:

a) initiate action to prevent the occurrence of product non-conformity; and

b) identify, record and deal with any product quality deviations.

E2.2 Management representative for factory production control

For every aggregate producing plant the producer shall appoint a person with appropriate
authority to ensure that the requirements given in this annex are implemented and
maintained.

E2.3 Management review

The factory production control system adopted to satisfy the requirements of this annex shall

be audited and reviewed at appropriate intervals by management to ensure its continuing
suitability and effectiveness. Records of such reviews shall be maintained.

E3 Control procedures

The producer shall establish and maintain a factory production control manual setting out the
procedures by which the requirements for factory production control are satisfied.

E3.1 Document and data control
Document and data control shall include those documents and data that are relevant to the

requirements of this standard covering purchasing, processing, inspection of materials and
the factory production control system documents.
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A procedure concerning the management of documents and data shall be documented in the
production control manual covering procedures and responsibilities for approval, issue,
distribution and administration of internal and external documentation and data; and the
preparation, issue and recording of changes to documentation.

E3.2  Sub-contract services

If any part of the operation is sub-contracted by the producer, a means of control shall be
established. The producer shall retain overall responsibility for any parts of the operation sub-
contracted.

E3.3 Knowledge of the raw material

There shall be documentation detailing the nature of the raw material, its source and where
appropriate, one or more maps showing the location and extraction plan.

It is the producer’s responsibility to ensure that if any dangerous substances are identified

their content does not exceed the limits in force according to the provisions valid in the place
of use of the aggregate.

E4 Management of production
The factory production control system shall fulfill the following requirements.

a) There shall be procedures to identify and control the materials.

NOTE. These can include procedures for maintaining and adjusting processing equipment, inspection or testing
material sampled during processing, modifying the process during bad weather, etc.

b) There shall be procedures to identify and control any hazardous materials identified in
E.3.3 to ensure that they do not exceed the limits in force according to the provisions
valid in the place of use of the aggregate.

c) There shall be procedures to ensure that material is put into stock in a controlled manner
and the storage locations and their contents are identified.

d) There shall be procedures to ensure that material taken from stock has not deteriorated
in such a way that its conformity is compromised.

e) The product shall be identifiable up to the point of sale as regards to source and type.

E5 Inspection and test
E5.1  General

The producer shall make available all the necessary facilities, equipment and trained
personnel to carry out the required inspections and tests.

E5.2  Equipment

The producer shall be responsible for the control, calibration and maintenance of inspection,
measuring and test equipment.
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Accuracy and frequency of calibration shall be in accordance with MS 30: Part 1.
Equipment shall be used in accordance with documented procedures.
Equipment shall be uniquely identified.

Calibration records shall be retained.

E5.3 Frequency and location of inspection, sampling and tests

The production control document shall describe the frequency and nature of inspections. The
frequency of sampling and the tests when required shall be carried out for the relevant
characteristics as specified in Table E1.

NOTES:

1. Test frequencies are generally related to periods of production. A period of production is defined as a full week,
month or year of production working days.

2. The requirements for factory production control can introduce visual inspection. Any deviations indicated by
these inspections may lead to increased test frequencies.

3. When the measured value is close to a specified limit, the frequency may need to be increased.

4. Under special conditions the test frequencies may be decreased below those given in Table E1. These
conditions could be:

a) highly automated production equipment;
b) long-term experience with consistency of special properties;
c)  sources of high conformity; and

d) running a Quality Management System with exceptional measures for surveillance and monitoring of the
production process.

The producer shall prepare a schedule of test frequencies taking into account the minimum
requirements of Table E1.

Reasons for decreasing the test frequencies shall be stated in the factory production control
document.

E6 Records

The results of factory production control shall be recorded including sampling locations, dates
and times and product tested with any other relevant information, e.g., weather conditions.

Some characteristics can be shared by several products, in which case the producer, based
on his experience, can find it possible to apply the results of one test to more than one
product. This is particularly the case when a product is the combination of two or more
different sizes. The particle size distribution or the cleanliness should be checked in case the
intrinsic characteristics may have changed.

Where the product inspected or tested does not satisfy the requirement laid down in the
specification, or if there is an indication that it shall not do so, a note shall be made in the
records of the steps taken to deal with the situation (e.g. carrying out of a new test and/or
measures to correct the production process).
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The records required by all the clauses of this annex shall be included.
The records shall be kept for at least the statutory period.

Statutory period is the period of time records are required to be kept in accordance with
regulations applying at the place of production.

E7 Control of non-conforming product

Following an inspection or test that indicates that a product does not conform, the affected
material shall be:

a) reprocessed;
b) diverted to another application for which it is suitable; or
c) rejected and marked as non-conforming.

All cases of non-conformity shall be recorded by the producer, investigated and if necessary
corrective action shall be taken.

NOTE. Corrective actions can include:

a) investigation of the cause of non-conformity including an examination of the testing procedure and making any
necessary adjustments;

b) analysis of processes, operations, quality records, service reports and customer complaints to detect and
eliminate potential causes of non-conformity;

c) initiating preventive actions to deal with problems to a level corresponding to the risks encountered;
d) applying controls to ensure that effective corrective actions are taken; and

e) implementing and recording changes in procedures resulting from corrective action.

E8 Handling, storage and conditioning in production areas

The producer shall make the necessary arrangements to maintain the quality of the product
during handling and storage.

NOTE. These arrangements should take account of the following:
a) contamination of product;
b)  segregation; and

c) cleanliness of handling equipment and stocking areas.
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E9 Transport and packaging
E9.1  Transport

The producer’s factory production control system shall identify the extent of his responsibility
in relation to storage and delivery.

NOTE. When aggregates are transported in bulk it can be necessary to cover or contain aggregates to reduce
contamination.

E9.2  Packaging

If aggregates are packaged the methods and materials used shall not contaminate or degrade
the aggregate to the extent that the properties are significantly changed before the aggregate
is removed from the packaging. Any precautions necessary to achieve this during handling

and storage of the packaged aggregate shall be marked on the packaging or accompanying
documents.

E10 Training of personnel

The producer shall establish and maintain procedures for the training of all personnel involved
in the factory production system. Appropriate records of training shall be maintained.

Table E1. Minimum test frequencies

Property Clause Initial Test method Minimum test
testing frequency
1 | Aggregate size and grading 5.3 X MS 30: Part 4 1 per week
2 | Shell content 5.4.2 - MS 30: Part 6 1 per year
Fines 55
When
3 | - fines content or quality X MS 30: Part 4 necessary
- sand equivalent Annex C X EN 933-8 1 per week
- methylene blue X EN 933-9
When required
4 | Particle density 6.2.1 X MS 30: Part 7 and in case of
doubt
When required
5 | Water absorption 6.2.2 X MS 30: Part 7 and in case of
doubt

1 per 2 years
6 | Sulfate content 7.3.1 X MS 30: Part 4

1 per year and
in case of
doubt

EN 1744-1:1998, Clause
12

Sulfur containing

7.3.2 X
compounds
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Table E1. Minimum test frequencies (continued)

Property Clause | Initial Test method Minimum test
testing frequency

8 | Constituents which alter the 7.4
rate  of setting and
hardening of mortar

- sodium hydroxide In case of doubt:
X EN 1744-1:1998, 15.1
1 per week
- fulvo acid (when sodium EN 1744-1:1998. 15.2 In case of doubt:
; ; X -1: , 15.
hydroxide fails) 1 per week
- comparative strength test When necessary:
o X EN 1744-1:1998, 15.3
- stiffening time 1 per week
- lightweight organic When required for
contaminators X EN 1744-1:1998, 14.2 a particular end
use
-1: When necessary:
9 | Water soluble matter 751 X EN 1744-1:1998, Clause y
16 1 per week
-1: When necessary:
10 | Loss-on-ignition 75.2 X EN 1744-1:1998, Clause y
17 1 per week
When required
11 | Alkali-silica reactivity 7.6.1 - a and in case of

doubt

# In accordance with the provisions valid in the place of use.
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Annex F
(informative)

Specific information which can be required for the description of an
aggregate for particular end uses

F1 Essential information
The information that can be required for the description of an aggregate may include:

a) source - if the material has been rehandled in a depot, both source and depot should be
given;

b) type of aggregate;
c) a simple indication of the petrographic type; and

d) aggregate size.

F2 Other information

Other information that can be required for the description of an aggregate may include:
a) code (where specified);

b) grading;

c) fines content;

d) fines quality (where fines content exceeds specified limits);

e) petrographic description;

f) particle density;

g) water absorption;

h) bulk density;

i) chloride content;

j) sulfate content;

k) sulfur content;

I) constituents that can affect the rate of setting and hardening or surface finish of mortar;

m) freedom of air-cooled blast furnace slag from dicalcium silicate disintegration or iron
disintegration;
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n) water soluble matter (manufactured aggregates only); and

0) loss on ignition (manufactured aggregates only).

Only the information listed in Clause F1 should be supplied for every consignment. The
necessity for further details on properties given in Clause F2 and the frequency of testing

depends on the situation and use. This extra information should be made available on
request.
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