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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 
 

Corresponding Malaysian Standards 

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

MS EN 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 

MS EN 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 
 

MS 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 
 

MS 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 

MS EN 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. 

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

 MS ISO 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. 



EUROPEAN STANDARD

NORME EUROPEENNE

EUROPAISCHE NORM

ICS 91. 100.20

EN 1097-9
April 1998

+A1
July 2005

Descriptors: aggregates, tests, simulation, physical properties, mechanical properties brasion tes 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 determiner les proprietes mecaniques Priifverfahren fir mechanische and physikalische

et physiques des granulats - Eigenschaften von Gesteinskornungen -

Partie 9: Methode pour la determination de Is Teil 9: Bestimmung des Widerstandes gegen

resistance a l'usure par abrasion provoquee par les Verschleif3 durch Spikereifen - Nordische Priifung

pneus a crampons -Essai scandinave (enthalt Anderung A1.:2005)

(inclut 1'amendement A1:2005)

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

was approved by CEN on 20 June 2005.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations

which stipulate the conditions for giving this European Standard the status of a

national 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 European Standard exists in three official versions (English, 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, Estonia, Finland, France, Germany, Greece, Hungary,

Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands,

Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland and

United Kingdom.

CEN
European Committee for Standardization

Comite Europeen de Normalisation

Europaisches Komitee fair Normung

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

O 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 Committee CEN/TC 154, Aggregates, the
Secretariat of which is held by BSI.

The test procedure specified in this standard has been

developed in Finland, Norway and Sweden, where
studded tyres a:e frequently used during cold seasons.

This standard forms part, of a series of tests for
mechanical and physical properties of aggregates. Test

methods for other properties of aggregates will be

covered by puts of the following European Standards:

EN 932, Iesls far general properties of aggmgales.

EN 933, 'l'asts for geornelricut properties q1 aggregates.

EN L367, Ttsts for therm al and weathering properties

of aygrrycttes.

EN 1744, Tests for chemical properties of aggregates.

EN 13t79, Vests fir,filler aggregate used in.

Intutn. sous bowel fillens

The other parts of EN 1097 will be:

EN t097-1, Tests for mechanical and physical

7unperlies of Aggregates-Part 1: Determination of

Iltc resistance to wear (mien--Dccat).

EN 1097-2. Tests for mechanical and physical

properties of aygrryates - Part 2: Methods Jh r the

delta minalion of resistance to f ttymcn. tation.

EN 109749, Tess fbi mecha^nicat and physical

properties of aggregates - PartTI: Deie inination of

loose hulk density and voids.

EN 1097-1, Tests for nncchan.ical and physical

prope-ties of aggregates-Part4: Determ ination of

the voids of dry compacted, filler:

EN 1097-5, Zests for rn.echanical arnd physical

properties of aggregates- Part 5: Delerm.irra.t i.orz of

the water content fry dailinq -hi a ventilated oven.

EN 1097-6, Tests for rnechan tealt and physical

pii perties of aggr'r?ga.tes -Part 6: Delerm israli.on of

particle density and water absorption.

EN 1097-7, 7Fsls for aneaharxical and physical

properties of a,ggregates- Paul 7: Deterne. i:nn.ti.ara q/

the pee ticte density of licr- Pylenorneter in.e t od.

EN 1097-8, 7hsls for mceha:nica.l and physical

properties of aggregates- Part 8c Determination. of

the polished .stone value.

EN 1.097-10, Testsfor mechanical anti physiccd.

proper lies of aggregates -- Part 10: Water suction

height.

This European Standard shall be given the status of a

national shutdard, either by publication of an identical
text. or by cudorsement, at the latest by October 1998,

and conflicting national standards shall be withdrawn

at 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, Dernark,
Finland, Fiance, Germany, Greece, Iceland, Ireland,
Italy, Luxembourg, Netherlands, Norway, Portugal,
Spain, Sweden, Switzerland and the United Kingdom.

Foreword to amendment Al

This European Standard (EN 1097-9:1998/A1:2005)

has been prepared by Technical Committee

CENJTC 154 "Aggregates", the secretariat of which is

held by BSI.

This Amendment 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 January 2006, and

conflicting national standards shall be withdrawn 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, Iceland, Ireland, Italy, Latvia, Lithuania,

Luxembourg, Malta, Netherlands, Norway, Poland,

Portugal, Slovakia, Slovenia, Spain, Sweden,

Switzerland and United Kingdom.

Contents

Foreword

Page

2

1 Scope 3

2 Normative references 3

3 Definitions 3

4 Principle 3

5 Apparatus 3

6 Preparation of test specimens 4

7 Procedure 4

8 Calculation and expression of results 6

69 Test report

10 Precision 6

Annex A (informative) Alternative size fraction

for the Nordic Test 6

Annex B (informative) Bibliography 6

O BSI 2006



Page 3
EN 1097-9:1998

1 Scope

This European Standard specifies the test procedure

for the snnulation of the abrasive action of studded

tyres on coarse aggregates used in a surface layer.

The test is applicable to crushed and unerlushed

natural and artificial aggregates with a size fraction

of 11,2 turn to 16,0 mm.

In, NOTE An alternative size fraction 8/11,2 mm for different end

uses is given in Annex A, Testing such alternative size fractions may

produce results different from those obtained using the 11,2/16 mm

size fraction. Q

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 are

listed hereafter: For dated references, subsequent

amendments to or revisions of any of these

publications apply to this European Standard only

when incorporated in it by amendment or revision. For

undated references, the latest edition of the publication

referred to applies.

^i EN 932-2, At Tests,torgene) at properties of

aggregates - Part 2: Methods for reducing la.horalai y

saanples_

At EN 932-5, a Tests fargenertt properties of

aggregates- Part 5: Conrrnon equipment and

rytifiaralicn ..

At EN 933-1, at Tests for geometrical propel 1? . vs q/

aggregates - Part 1: Determination of pail-icle size

dis/.ribrr.liorl - Sierrirul method.

EN 933-2, Tests far' geomell ical propertes of

aggregates- Part. 2: Delernciraa/ion of parlic/c size

disiribnNo n - Test sier rs, voinifial size of aparlifffl.s.

At EN 1097-6, AC Tests for mechanical and physical

properties of aggregates - Part 6: Delcn-nainatim, of

particle density and water absorption.

ISO 683-14:1992, [leaLkr-eatable steels, alloy steels and

free-cu.ll-iaaq steels Part J4: tlobrrnlled steels for

quenched and teurtperzd springs.

150 2604-2:1975, Steel products,Jor pressure

purposes-- Quality regrcir-ernenls -- Part 2: Wrorgglyd

seamless tubes.

ISO 3290:1975, Rolling bearings - Bea-rbig parts --

Balls for rolling bearings.

ISO 3310:1990, Test sieves - Toviti ai.cal r-eein-i.remi nls

and lestin.g.

ISO 4788:1980. Laboratory glassware - Grade al ed

ineosicrlreg cyliarders.

ISO 5725:1986 Pre ision of lest in.athods-

Dtlc rnanialia>rr. o/ -repeolubility anal reprnrlrrr-ibaailJ by

inter-laboratory tests.

3 Definitions

For the proposes of this standard, the following

definitions apply:

3.1

test specimen

the sample used in a single determination when a test

method requires more than one determination of a

properly

:3.2

laboratory sample

a reduced sample derived from a bulk sample for

laboratory testing

3.3

constant mass

successive weighings after drying at least 1 It apart not

differing by more than 0,1 e/

NOTE In ,,,any cases constant mass can he adlieved aver a test

specimen has been dried fur a pre -determined period in a

specified oven at (110 F 5) 'C. Test laboratories can determine the

time required to act ieve constant mass for specific types and

sizes of sample dependent upon the drying capacity of the

oven used.

4 Principle

A sample of a single-sized aggregate, 11,2 unit

to 16,0 mm, is rotated together with steel balls and

water lit a steel drum. Three ribs, which are mounted

on the interior of the drum, improve the mixing of the

aggregate particles and the sleet balls. The contents

roll within the chum with an abrading action. After the

specified nwnber of revolutions, the contents are

removed from the drum and the aggregate portion is
sieved on the 2 turn sieve to measure the wear as a

percentage loss.

5 Apparatus

Unless otherwise stated, all apparatus shall conform to

the general requirements of Po EN 932-5. Ai

5.1 Standard apparatus

5.1.1 Balance, capable of weighing both the test

special en and the charge to an accuracy of 0,1 % of the

mass of the test specimen.

5.1.2 Set of sieves, 2,0 nun - 8 nun - 11,2 nun -

14,0 mm - 16,0 nrm, conforming to EN 933-2.

5.1.3 Veiiti.lated oven , controlled to maintain a

temperature of (11015) `C.

5.1.4 Means (g" washi ng the sieved sample.

5J.5 Egrriprnent for'+echwing the laharalmy samples,

as specified in At EN 932-2- A+

5.1.6 Gradualcet gloss ineas-wring c;yltndcr (vi

cytiauleis), conforming to ISO 4788:1980, or other

means of measuring (2,00±0,01) 1 of water.

(ci BSI 2006



Page 4

EN 1097-9:1998

5.2 Special apparatus

5.2.1 2hsti:ng machine. A typical testing machine is

detailed in Figure 1 with essential characteristics as

specified in 5.2.2 to 5.2.7.

5.2.2 A walerlighl hollow dr lam, closed at one end,

having an inside diameter of (206,5 ± 2,0) rum and an

internal length measured from the inside of the base to

the inside of the lid of (335 ± 1) mm, The di-Lau shall be

made of a seamless steel tube conforming to grade

TS 5 of ISO 2604-2:1975, with a minimum wall thickness

of 6,0 mm.

The dorm shall be closed by a flat lid at least S mm

thick and fitted with watertight and dust scats. The

drum shall rotate on a horizontal axis, e.g. placed on

two shafts as shown in Figure 1.

5 ,2,3 77o-ex, ribs, each with a length of (333 ± 1) arm,

shall be equally spaced around the internal

chcumi'erence of die cylinder. The three ribs shall be

removable, having an initial profile as shown in

Figure 2, and be made of hard and tough steel, e.1-

spring steel conforming to ISO 683-14:1992.

Each rib shall be rigidly secured to the drmn with at,

least three M4 countersunk fixings,

Before fast use, the ribs shall be preground in the

drum for (25±I) h using an aggregate with a Nordic

abrasion value of not more 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 mass before it. was preground.

5.2.4 Abrasive charge, consisting of ball

hearings, (15,0' u;') nuu diameter, of hardness

between 62 FIRC and 65NRC, as specified in

LSO 3290:1975.

NOTE 'fit,, diameter of Ute halls can be checked quickly by

passing ihcn over parallel bars l i ii min apart.

5.2.5 Motcn; capable of driving the drum at a. regular
speed of rotation of (90±3) r/min

5.2.6 GonvIcc or other suitable device which

automatically stops the rotation after (5 400 ± 1.0)

revolutions.

5.2.7 Gauge, (optional) to control nrinhnum ball size,

e.g. two parallel balls (14,6±0,1) mm apart.

5.2.8 Magnet, (optional) for removal of the charge

from the aggregate test sample after abrasion.

NOTE A magnet which is too strong should not be used as the

balls can bectn is magnetized

6 Preparation of test specimens

The mass of the sample sent to the laboratory shall be

large enough for the preparation of at least four test

specimens.

The grading of the test specimen shall have (65 ± 1) a/o

passing the 14,0 min sieve, i.e. (35 ± 1) % of the test

specimen shall consist of particles in the 14,0 min
to 16,0 mm size range.

Sieve the laboratory sample using the 11,2 nun, 14,0 mm

and 16,0 mm sieves to give separate fractions in the

ranges 11,2 mm to 14,0 min and 14,0 mm to 16,0 mar.

Wash each fraction separately, in accordance with 7.1

of l EN 933-1, a and dry them in the oven at

(110 ±5) °C to constant mass.

Allow the fractions to cool to ambient temperature.

Mix the two fractions to provide a modified 11,2 mm

to 16,0 mm laboratory sample which complies with

(65 ± 1) °/o passing the 14,0 mm sieve.

Reduce the modified laboratory sample prepared from

the mixed fractions to test specimen size ill

accordance with the requirements of ^t EN 932-2. At

The test specimen shall have a mass (hi gratis) defined

in accordance with the following equation:

1000pa +

2,66

where

mi is the initial dry mass of the test specimen (in

Pa

grans);

is the pre-dried particle density, in accordance

with I EN 1097-6, n) (in megagranrs per cubic

metre).

7 Procedure

Place the test specimen in the drum. Add sufficient

steel balls to give a charge of (7 000 ± 10) g and add

(2,00 ± 0,01) I of water.

Fit the lid to the drum- Rotate the. churn at a speed

of (90 ± 3) r/min for (5 400 ± 10) revolutions.

After the test, collect the aggregate and the steel balls
in a pan, taking care to avoid the loss of any aggregate.

Using a washing bottle, carefully wash the inside of the

drum and the lid, and retain the washings.

Empty the material and all the washings onto

the 14,0 nun sieve which is nested with the 2,0 nun

sieve protected by an 8,0 mar guard sieve. Wash the

material in a stream of clean water.

Carefully separate the aggregate particles retained on

the 14,0 mm sieve from the steel balls, taking care not

to lose any aggregate particles. The aggregate particles

can be picked out by hand, or the balls can be

remove(] 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 mm sieve

onto a tray.

Dry the tray and its contents in the oven at

(110±5) T. Complete the determination of the mass

retained on the 14,0 mm, 8,0 mm and 2,0 min sieves in

accordance with EN 933-1. Record the mass retained

on each sieve to the nearest gram.

Repeat the above procedure on a second test

specimen.

Cc BSI 2006
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Rubber packing

Dimensions in millimetres

Detail Y. Rib detail before pregrinding

With a tolerance of '0 , ;' num

Lid

Cylinder

Section of the drum with the three ribs

Figure 2 - The three ribs

Detail X -Typical lid edge

Figure 1 - Typical testing machine

BSI 2006
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8 Calculation and expression of results

Calculate the Nordic abrasion value AN as follows:

AN = 100(oli - tnv)/rni

where

ani is the initial dry mass of the test specimen

(in grams);

real is the sum of the dry masses of the three
fractions retained on the three sieves (14,0 mm,

8,0 min and 2,0 nun) after the test (in grams).

Report the Nordic abrasion value to the nearest

decnnal.

The results of two determinations of the Nordic

abrasion value AN shall be accepted if the. difference is

smaller than or equal to 7 % of their mean.

If the difference is greater, test: two further test

specimens. Calculate the standard deviation of the four

AN values and if the standard deviation is greater

than 6%, discard suspect extreme values according to

Dixon's test, in accordance with IS0 6725:1986, at

the 5 % level.

Calculate the mean of all accepted values.

Al Note deleted al

9 Test report

9.1 Required data

The test report shall include the following information:

a) reference to this European Standard;

b) identification of the test, laboratory;

c) identification of the sample;

(1) Nordic abrasion value;

ai e) size fraction tested. nl

9.2 Optional data

The test report can include the following information:

a) name and location of the sample source;

b) description of the sample in accordance

with EN 932-3;

c) description of the sampling procedure.

Ai 10 Precision 51

The repeatability ()) and reproducibility (H) have been

determined on the basis of interlaboratory studies in

the Nordic countries (11 laboratories, eight levels anti

two test specimens at each level). Interpretation of the

test results has been made in accordance with

tSO 5725:1986.

For Nordic abrasion values (4N) from 5 to 16, line

precision was as follows:

'r= 0,13 AN - 0,17

R=0,14AN +0,27

E Annex A (informative)

Alternative size fraction for the

Nordic Test

The following variation to the reference test (see

clause 6) given in Table Al may provide additional

information for certain end uses.

NOTE The test parameters for the testing of the alternative

8/11,2 mm size fraction involve adjustments to the abrasive charge

intended to produce results close to those from the reference

11,2/16 mm size fraction. However, the relationship is not the same

for all aggregates and the results for the alternative size should not

be expected to he identical to those from the 11,2/16 nun reference

fraction.

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

Clause Item Size fraction

8/11,2 mm

Size fraction

11,2/1G mm

(reference)

5 Apparatus

5.1.2 Set of sieves, 2-8-10-11,2 2-8-11,2-14-16

(mm)

5.2.4 Abrasive 11,1+0,1/0,5 15,0+0,1/-0,5

charge,

(mm diameter)

5.2.7 Gauge to

control ball size

Distance (10,7± 0,1) (14,6 ± 0,1)

between two

parallel bars

(mm)

6 Preparation of

test specimens

Intermediate 10,0 14,0

sieve, (mm)

Percentage (65 ± 1) (65 ± 1)

passing

intermediate

sieve (%)

7 Procedure

Guard sieve 4 8

(mm)

Sieve used after 2-4-10 2-8-14

abrasion and for

calculation of
tn2 (mm)

Q

Annex B (informative)
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