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MS EN 1097-9:2011

NATIONAL FOREWORD

This Malaysian Standard is a total adoption of EN Standard and was prepared by the Working
Group on Revision of MS 30 under the authority of the Industry Standards Committee on
Building, Construction and Civil Engineering.

This Malaysian Standard is identical with EN 1097-9:1998, Tests for mechanical and physical
properties of aggregates - Part 9: Determination of the resistance to wear by abrasion from
studded tyres - Nordic test, published by the European Committee for Standardisation (CEN).

However, for the purposes of this Malaysian Standard, the following apply:

a) in the 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; and

c) reference to EN Standards should be replaced by corresponding Malaysian Standards as

follows:

Referenced EN Standards

prEN 932-2, Test for general properties of
aggregates - Part 2: Methods for reducing
laboratory samples

prEN 932-5, Tests for general properties of
aggregates - Part 5: Common equipment and
calibration

EN 933-1, Tests for geometrical properties of
aggregates - Part 1: Determination of particle
size distribution- Sieving method

EN 933-2, Tests for geometrical properties of
aggregates - Part 2: Determination of particle
size distribution - Test sieves, nominal size of
apertures

prEN 1097-6, Tests for mechanical and
physical properties of aggregates - Part 6:
Determination of particle density and water
absorption

ISO 3310, Test sieves - Technical
requirements and testing.

Corresponding Malaysian Standards

MS EN 932-2, Test for general properties of
aggregates - Part 2: Methods for reducing
laboratory samples

MS EN 932-5, Tests for general properties of
aggregates - Part 5: Common equipment and
calibration

MS EN 933-1, Tests for geometrical
properties of aggregates - Part 1:
Determination of particle size distribution-
Sieving method

MS EN 933-2, Tests for geometrical
properties of aggregates - Part 2:
Determination of particle size distribution -
Test sieves, nominal size of apertures

MS EN 1097-6, Tests for mechanical and
physical properties of aggregates - Part 6:
Determination of particle density and water
absorption

MS ISO 3310-1, Test sieves - Technical
requirements and testing - Part 1: Test sieves
of metal wire cloth

MS SO 3310-2, Test sieves - Technical

requirements and testing - Part 2: Test sieves
of perforated metal plate
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NATIONAL FOREWORD (continued)

The adoption of the EN Standard is in line with the industry’s transition to EN Standards.

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.

© STANDARDS MALAYSIA 2011 - All rights reserved iii



EUROPEAN STANDARD EN 1097-9

NORME EUROPEENNE April 1998

EUROPAISCHE NORM TAL

ICS 91.100.20

Descriptovs: aggregates, tests, simulation, physical properties, mechanical properties, abrasion tests, wear

English version

Tests for mechanical and physical properties of aggregates —
Part 9: Determination of the resistance to wear by abrasion
from studded tyres — Nordic test

{includes amendment A1:2005)

Essais pour déterminer les propriétés mécaniques Prifverfalwen fir mechanische und physikalische
et physiques des granulats — Eigenschaften von Gesteinskdrnungen —

Partie 9: Méthode pour la détermination de Ia Teil 9: Bestimmung des Widerstandes gegen
résistance 4 l'usure par abrasion provoqueé parfes  Verschleifl durch Spikereifen — Nordische Prifung
prieus 4 crampons — BEgsai gcandinave {enthilt Anderung A1:2005)

(inclut Pamendement A1:2005)

This European Standard was approved by CEN on 25 March 1998. Amendment Al
was approved by CEN on 20 June 2005.

CEN memtbers are bound to comply with the CEN/CENELEC Internal Regulations
which stipulate the conditions for giving this Buropean Standard the status of a
aational standard without any alteration. Up-to-date lists and bibliographical
references concerning such national standards may be obtained on application to
the Central Secretariat or to any CEN member.

This Buropean Standard exists in three official versions (Fnglish, French, German),
A version in any other language made by translation under the responsibility of a
CEN member into its own language and notified to the Central Secretariat has the
same status as the official versions,

CEN members are the national standards bodies of Austria, Belgium, Cyprus,
Czech Republic, Denmark, Estonda, Finland, France, Germany, Greece, Hungary,
Ieeland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands,
Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland and
United Kingdom.

CEN

Furepean Committee for Standardization
Comité Européen de Normalisation
Europiisches Komitee filr Normung

Central Secretariat: rue de Stassart 36, B-1050 Brussels

© 1998 CEN All rights of exploitation in any form and by any means reserved worldwide for CEN na-
tional Members.
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Foreword

This European Standard has been prepared by
Technical Comunittee CEN/TC 154, Aggregales, the
Secretariat of which is held by BSL

The test procedure specified in this standard has been
developed in Finland, Norway and Sweden, where
stuglded tyres are frequently used during cold scasons.
This standard forms part of a serics of Lests [or
mechanical and physical properties of aggregates, Test
methads for other properties of aggregates will be

covered by parts of the following Ewopean Standards:

EN 932, Tests Jor generval properties of aggrogoles,

EN 933, Tesls jor geomelricul propevties of aggregales.
EN 1367, Tesis for thermal and wealhering properties
of (gregeles.

LN 1744, Teste for chemica properties qf aggregales.
EN 13179, Tesis for filler aggregele used i
bitweminons bownd fillers.

The other parts of EN 1097 wilt be:

EN 1097-1, Tests for mechanicol and physical
mopeyties of aggregates — Part 1 Delerminalion of
Hhe vesisloance lo weor Crriero-Devad).

EN 1097-2, Tests for mechanicel and physical
propeviies of aggregates — Part 2: Methods for the
determination of yesistance Lo fragreniation,

EN 1097-3, Tests fur mechanical ond physical
properties of agyregales — Porl 30 Detervination of
loose bull density and volds.

BN 10974, Tests for mechanical and physicol
wroperties of agyregales — Part 4 Delermination of
e voids af diy compucted filler

EN 1097-5, Tests for wechonical and physical
pruperties of eggregates — Part 5: Delerminaltion of
Lhe weter condend by dyying i o veniilaled oven,

EN 10978, Tests for wechaniced and physical
properties of aggregates — Payt 6: Delerminalion of
paaticle density and waler absorplion.

EN 1097-7, Tosts for mechunicel and physical
properties of aggregrtes — Poyl T Defermination of
the particle density of filler — Pylmomeler method.
EN 1007-8, Tesis for mechanical and physicol
properties of aggregates — Pari 8: Determanation of
Hhe polished stome vndue,

EN 1097-10, Yests fin mechardcal and phystood
nraperties of aggregales — Part 10: Waler suction
feciiphl.

This European Standard shall be given the status of a
national standard, either by publication of an identical
text or by endorsement, al the latest by October 1998,
and conflicting national standards shall be withdrawn
al the latest by December 1999,

According to the CEN/CENELEC Internal Regulations,
the national standards organizations of the following
countries are bound to implement this European
Standard: Austria, Belgium, Czech Republic, Denmark,
Finland, France, Germany, Greece, [celand, Treland,
Ttaly, Laxembowrg, Netherands, Norway, Portugal,
Spain, Swedoen, Switzerland and the United Kingdom,

Foreword to amendment Al

This Buropean Standard (EN 1097-9:1998/A1:2005)
has been prepared by Technical Commitiee

CEN/TC 154 “Aggregates”, the secretariat of which is
held by BSL

This Amendirent to the European Standard

EN 1097-9:1998 shall be given the status of a national
standard, either by publication of an identical text or by
endorsement, at the latest by Janvary 2006, and
contlicting nalional standards shall be withdravwm at the
latest by January 2006,

According to the CEN/CENELEC Internal Regulations,
the national standards organizations of the following
countries are hound to implement this European
Standard: Austria, Belgium, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece,
Hungary, lceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland,
Portugal, Slovakia, Slovenia, Spain, Sweden,
Switzerland and United Kingdom.,
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1 Scope

This European Standard specifies the test procedure
for the simufaiion of the abrasive action of studded
tyres onn coarse aggregates used in a swlace layer
The test is applicable to crushed and uncrushed
natural and ariificial aggregates with a size fraction
of 11,2 mm to 16,0 pum.

NOTE  An alternative size fraction 5/11,2 am {or different ead
uses is given in Annex A, Testing such allernative size {ractions may
produce results different from those obtained using the 11,2/16 mm
size fraciion.

2 Normative references

This European Standard incorporates by dated or by
undated reference, provisions from other publications.
These normative references are cited at the
appropriate places in the text and the publications arc
listed hereafter. For dated references, subsequent
amendments to or revisions of any of these
publications apply (o this European Standard only
when incorporated in it by amendment or revision. For
undated references, the laiest edition of the publication
referred to apphes.

BN 932-2, Tests for general properties of
ceggregales — Porl 2: Methods for veducing nboralory
samples.

EN 932-5, Tests for generul operlies of
aggregules — Purl 50 Cowenon, equeipinend and
calibralion.

EN 933-1, (Ml Tests for geomeirical propertios of
aggvegafes — Part 10 Determanation of particle size
distritndion — Steving method,

EN 933-2, Tests for geowmelrical properties of
aggregates — Part 20 Deleraviniation of particle size
distribnlion — Test sieves, niowminal size of apertiores.
EN 10976, Tests for mechanical and. physical
properties of aggregates — Part 6: Delerminalion of
particle densily and waler absarplion,

[SO 683-14:1992, Heal-trewlable steels, alloy steels and
Srec-cadling steels — Frorl 140 Hol-volled steels for
guenched and lnrpered sprengs.

IS0 2604-2:1975, Steel products Jor pressuye

PUIPOSES —- Quatlity rveqiiremends — Porl 25 Wrowght
searmiess tubes.

IS0 3290:1975, Rolling bearings — Rearing payts -
Balls for rolling beaivnys.

ISO 3310:1999, Test sieves — Techimicol vequivemnents
e eskivg,

ISO 4788:1980, Laboratory glasswore — Crradualed
TReasieriig cytinders.

ISO 5725:1986, Precision of lest wmetiods —
Delerminulion of 1epealulyilily wnd repyodieibility by
trterluboralory lests.

© BSI 2006
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3 Definitions

[For the purposes of tus standard, the following
definitions apply:

3.1

test specimen

the sample used in a single determination when a test

methad requires more than one detcamination of a
property

3.2
laboratory sample

a reduced sample derived from a bubk sample for
tahoratory testing

constant mass

suceessive weighings after drying at 1cast 1 h apart not
differing by more than G,1 %

NOTE  Inomany cases constanl mass can bee achieved affer a fost
specimen has been dried for a pre-delermined period ina
specified oven al (110 £5) °CL Test laboratories can determing the
time required o achieve constanl mass {for specilic ypes and
sizes of smuple dependent upon the deying capacity of the

oven used,

4 Principle

A sample ol a single-sized aggregate, 11,2 mm

1o 16,0 mm, is rotated together with steel balls and
water in a steel drum. Three 1ibs, which ave mounted
on the intevior of the drum, improve the mixing of the
aggregale particles and the steel balls. The contents
roll within the drum with an abrading action, After the
specilied munber of revolutions, the contents are
rernoved frony the drum and the aggregate portion is
sieved on the 2 mm sieve to measure the wear as a
percentage loss.

5 Apparatus

Unless otherwise stated, all apparatus shall contorm to
the general requirements of By EN 9325 64

5.1 Standard apparatus

5.1.1 Balanee, capable of weighing both the test
speciinen and the charge to an accuracy of 0,1 % of the
mass of the test specimen,

5.1.2 Sel of sieves, 2,0 mm ~ 8 mn - 11,2 nun -~
14,0 nun - 16,0 mm, condorming to EIN 933-2,
5.1.3 Ventiluled oven, controlled (o maintain a
temperature of (1310 £ 5) °C.

8.1 Means of washing (he steoed sample,

5.1.8 Fgwipment for veducing he laboraiory samples,
as specificd in B BN 932-2.

5.1.6 Ghuduaied gluss measwring cilinder (or
aybinders), conforming to TS0 478%: 1980, o other
means of measuring (2,00 £0,01) 1 of waier
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5.2 Special apparatus

5.2.1 Toesting mochine, A typical testing machine is
detailed in Figure 1 with essential charactetistics as
gpecified in 5.2.2 to 5.2.7.

5.2.2 A walertight follow dywm, closed at one ond,
having an inside diameter of (206,5 < 2,00 mm and an
internal length measured from the inside of the base (o
the inside of the I of (335 % D) nun. The drum shall be
made of & seamless steel tube conforming to grade

TS b of IS0 2604-2:1975, with a minimum wall thickness
of 6,0 mm.

The drmm shall be closed by & flat lid at least 8 mm
thick and fitted with watertight and dust scals. The
clrum shall rotafe on a horizondal axis, ¢.g placed on
two shafts as shown in Figure 1.

5.2.3 Three vibs, each with a length of (333 F 1) 1,
shall be equally spaced around the internal
circumference of the cylinder. The three ribs shall he
removable, having an initial profile as shown in
Figure 2, and be made of hard and fough steel, ¢.g.
spring steel conforming to 15O 683-14:1092,

Each rib shall be rigidly secured to the drum with at
least three M4 countersunk fivings,

Belore first use, the ribs shall be preground in the
drum for (25 % 1) h using an ageregate with a Nordie
abrasion value of not mere than 6,0 prepared in
accordance with clause 6. Each rib shall be replaced
when, or before, its mass is less than 15,0 g less than
its meass before i was preground.

5.2.4 Abrasive charge, consisting of hall

. - (} . .
bearvings, (15,0 ‘_L_U'%} nun diameter, of hardness
between 62 HRC and 65 HRC, as specified in
[80 3200:1975,
NOTE  The diameter of the balls can be checked quickly by
passing thom over parallel bars 14,5 nun aparl.
5.2.5 Molor, capable of driving the drum at a regular
speed of rotation of (90 £ 3) 1min.

5.2.6 Cowunder, or other suitable device which
automaltically stops the rotation after (5400 F 10)
revolutions.,

5.2.7 Gauge, (optional) 1o control minimwn ball size,
.0 two parallel bars (14,6 £ 0,1) mun apart.

5.2.8 Mugnet, (optional) for removal of the charge
from the aggregate test sample after abrasion.

NOTE A magnet which is oo strong should not be used as the
balls can become magnetized.

6 Preparation of test specimens

The mass of the sample sent to the laboratory shall be
large enongh for the preparation of at least four test
specimens.

The grading of the test specimen shall have (G5 T 1) %
passing the 14,0 mun sieve, Le. (35 £ 1) % of the test
specimen shall consist of particles in the 14,0 min

to 16,0 mm size range.

Sicve (he laboratory sample using the 11,2 mum, 14,0 mm
and 16,0 mm sieves to give separate fractions in the
ranges 11,2 mm to 14,0 mm and 14,0 nun to 16,0 mm.
Wash cach {raction separately, in accordance with 7.1
of FYEN 933-1, & and dry then: in the oven at

(110 £5) °C to constant mass.

Allow the fractions to cool to ambient, temperature.
Mix the two fractions o provide a modified 11,2 min

to 16,0 min laboratory sample which complies with

(65 L 13 % passing the 14,0 mm sieve.

Reduce the modified laboratory sample prepaved from
the mixed fractions to test specimen size in
accordance with the requirements of &%) EN 93222,
The test specimen shall have a mass (in grams) defined
in accordance with the following cqunation:

1000p, 5
266 °

Yy =

where
iy I8 the initial dry mass of the test specimen (in
grams);
pe 18 the pre-dried particle density, i accordance
with B EN 1097-6, & {in megagrams per cubic
motre),

7 Procedure

Place thoe test specimen in the drnan, Add sulficient
steel balls Lo give a charge of (7 000 £ 100 ¢ and add
(2,00 £0,01) 1 of water.

Tt the lid to the drum. Rotate the drum atl a specd

of (90 L3 r/min for (3 400 £ 10) revolutions.

After the test, collect the aggregate and the steel balls
in a pan, taldng care to avoid the loss of any aggregale.
Using a washing botile, carefully wash the inside of the
drum and the lid, and retain the wasghings.

Fraply the material and all the washings onto

the 14,0 man sieve which is nested with the 2,0 mun
sicve protected by an 8,0 mm guard sicve. Wash the
material n a stream of clean water.

sarefully separate the aggregate particles retained on
the 14,0 mim sicve from the stecl balls, taking care not
to lose any aggregate parlicles. The aggregate particles
can be picked out by hand, or the balls can be
removed from the sieve using a magnet.

Place the aggregate particles retained on the 14,0 mm
sieve, the 8,0 mm guard sieve and the 2,0 min sieve
onto a fray.

Dry the tray and its contents in the aven at

{10 T 5)°C, Complete the determination of the mass
retained on the 14,0 mm, 8,0 mm and 2,0 pun sieves in
accordance with BN 933-1. Record the niass retained
on each sieve to the nearest gram.

Repeat the above procedure on a second test
specimen.

& BSI 2006
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Cytinder
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Rubbe; packing

Datail X -Typical lid edge

Dimensions in milimetres
Figure 1 — Typical testing machine
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1 5 Section of the drum with the three ribs

Detail Y. Rib detail before pregrinding

With a lolerance of £0,5 mm
Figure 2 — The three ribs
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8 Calenlation and expression of results
Caleulate the Nordie abrasion value Ay as follows:

An = 10000y — 1mw)imy
where
;18 the initial dry mass of the test specimen
(in grams);

w1 g the sum of the dry masses of the three
fractions retained on the theee sieves (14,0 mm,
3,0 mm and 20 mim) after the test (in grams).

Report the Nordic abrasion value to the nearest
decimal.

The resulis of two determinations of the Nordie
abrasion value Ay shall be accepted if the difference is
smaller than or equal to 7 % of their mean.

If the difference is greater, fesl two Auther test
specimens. Calewlale the standard deviation of the four
Ay values and if the standard deviation is greater

than 6§ %, discard suspect extreme values according Lo
Dixon's test, in accordance with 150 b725:1086, at

the 59 level.

Caleulate: the mean of all accepted values.

[ Note deleted @&

9 Test report
4.1 Required data
The test report shall include the following information:
a) reference to this European Standard;
b)) identification of the test laboralory,
¢) dentification of the sample;
) Nordice abrasion value;
e) size fraction tested. &

9.2 Gptional data
The test report can inchide the following information:
a) name and location of the saruple source;
b} description of the sample iy accordance
with EN 032-5;
) description of the sampling procedure.

10 Precision
The repeatability (09 and reproducibility (R) have been
determained on the basis of interlaboratory studies in
the Nordic countries (11 laboratories, eight levels and
two test spechmens at cach level). nterpretation of the
test results has been made in accordance with
IS0 5725:1986.
For Nordic abrasion values (Ay) from & to 16, the
precisicn was as follows:

=013 Ay — 0,17

= 0,14/1N + 0,27

Annex A (informative)
Alternative size fraction for the
Nordic Test

The following variation to the reference iest (see
clause 6) given in Table Al may provide additional
information for certain end uses.

NOTE  'The test parameters for ihe testing of the alternative
8/11,2 mra size fraction involve adjustments tv the abrasive charge
inlended to produce results close to those from the reference
11,2/16 mm size fraction. However, the relationship is not the sarae
for all aggregates and the results for the alternative size should not
b expected to he identical to those from the 11,2/16 mm relerence
[raction.

Table A.1 — Changes of testing conditions for
the alternative size fraction 8/11,2 mm

Size fraction
11,2/16 mm
(reference)

Size [raction
8/11,2 mm

Clause | Item

s

Apparatus

1.2 |[Set of sieves, 2-8-10-11,2 |2-8-11,2-14-10

(mm)

.C,TI

5.2.4 |Abrasive 11,140,105 | 15,040,106
charge,

{mim diameter)

52.7 |Gauge to

condrol ball size

Distance (14,6 = 0,1)
between two
parallel bars

(mm)

(10,7 = 0,1)

& Preparation of

test specimens
Intermediate 14,0

sieve, (mm)

10,0

Percentage {60 = 1)
passing
intermediate

sieve (%)

65 = 1)

T Procedure

Guard sieve 4 8
(rmm)

Sieve used after | 2-4-10 2-8-14
abrasion and for
cadeulation of

g (Im)

Annex B (informative)
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