
 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

    

0.6”
MS 1719:2003 

(CONFIRMED:2014) 

MALAYSIAN  
STANDARD 

Specification for raised pavement  
markers (RPM) 
 
 
 
 
 
 
 
 
 
 

  

ICS: 43.040.20 
 
Descriptors: raised pavement markers, retroreflective, non-retroreflective, temporary road markers,RPM,  
     cat’s eye, performance requirements, test methods 

NOTE.  This MS has been reviewed by the responsible committee and confirmed that its contents are 
current 

© Copyright 2014 

DEPARTMENT OF STANDARDS MALAYSIA 



 

 

DEVELOPMENT OF MALAYSIAN STANDARDS 

 

The Department of Standards Malaysia (STANDARDS MALAYSIA) is the national 
standards and accreditation body of Malaysia. 
 
The main function of STANDARDS MALAYSIA is to foster and promote standards, 
standardisation and accreditation as a means of advancing the national economy, promoting 
industrial efficiency and development, benefiting the health and safety of the public, protecting 
the consumers, facilitating domestic and international trade and furthering international 
cooperation in relation to standards and standardisation. 
 
Malaysian Standards (MS) are developed through consensus by committees which comprise 
balanced representation of producers, users, consumers and others with relevant interests, as 
may be appropriate to the subject at hand. To the greatest extent possible, Malaysian 
Standards are aligned to or are adoption of international standards. Approval of a standard as 
a Malaysian Standard is governed by the Standards of Malaysia Act 1996 [Act 549]. Malaysian 
Standards are reviewed periodically. The use of Malaysian Standards is voluntary except in so 
far as they are made mandatory by regulatory authorities by means of regulations, local by-
laws or any other similar ways. 
 
For the purposes of Malaysian Standards, the following definitions apply: 
 
Revision:   A process where existing Malaysian Standard is reviewed and updated which 
resulted in the publication of a new edition of the Malaysian Standard. 
 
Confirmed MS:  A Malaysian Standard that has been reviewed by the responsible committee 
and confirmed that its contents are current. 
 
Amendment: A process where a provision(s) of existing Malaysian Standard is altered.  The 
changes are indicated in an amendment page which is incorporated into the existing Malaysian 
Standard.  Amendments can be of technical and/or editorial nature. 
 
Technical corrigendum:  A corrected reprint of the current edition which is issued to correct 
either a technical error or ambiguity in a Malaysian Standard inadvertently introduced either in 
drafting or in printing and which could lead to incorrect or unsafe application of the publication. 
 
NOTE: Technical corrigenda are not to correct errors which can be assumed to have no consequences in the application 
of the MS, for example minor printing errors. 

 
STANDARDS MALAYSIA has appointed SIRIM Berhad as the agent to develop, distribute 
and sell Malaysian Standards. 
 
 
For further information on Malaysian Standards, please contact: 
 
 
Department of Standards Malaysia OR SIRIM Berhad 
Ministry of Science, Technology and Innovation (Company No. 367474 - V) 
Level 1 & 2, Block 2300, Century Square  1, Persiaran Dato’ Menteri 
Jalan Usahawan  Section 2, P. O. Box 7035 
63000 Cyberjaya  40700 Shah Alam 
Selangor Darul Ehsan  Selangor Darul Ehsan 
MALAYSIA  MALAYSIA 
 
Tel:  60 3 8318 0002  Tel:  60 3 5544 6000 
Fax: 60 3 8319 3131  Fax: 60 3 5510 8095 
http://www.jsm.gov.my    http://www.sirim.my  
E-mail: central@jsm.gov.my  E-mail: msonline@sirim.my 
 
 



MS 1719:2003

i

CONTENTS

Page

Committee representation ………………………………………………………………. iii
.

Foreword…………………………………………………………………………………… iv

1 Scope………………………………………………………………………………………. 1

2 Referenced documents ………………………………………………………………….. 1

3 Definition s………………………………………………………………………………… 1

4 Classification ……………………………………………………………………………… 4

5 Performance requirements ……………………………………………………………… 7

6 Marking and packaging ………………………………………………………………….. 12

7 Installation recommendation……………………………………………………………... 13

Tables

1 Minimum terminal CIL values for retroreflective markers after specified

conditioning under traffic ………………………………………………………………… 6

2 Type A1 and Type A/B1 markers - Minimum CIL values for clean new markers…… 9

3 Type A2 and Type A/B2 markers - Minimum CIL values for clean new markers…… 9

4 Type A(XXXX) and Type A/B(XXXX) markers - Minimum CIL values for clean
new markers ………………………………………………………………………………. 10

5 Luminance factor for Type B and Type A/B markers …………………………………. 10

6 Variation of allowable minimum compressive strength with deformation at

failure ………………………………………………………………………………………. 12

Figures

1 Testing geometry for photometric performance of Type A markers…………………. 4

2 Testing sequence and sample sizes …………………………………………………… 8

A1 Testing geometry for determining CIL values of Type A and Type A/B markers….. 16

C1 Measurement geometry for determining the luminance factor of Type B and

Type A/B markers ………………………………………………………………………… 22

K1 Preparation of adhesive bond strength test assembly (one marker in place)……… 36



MS 1719:2003

ii

CONTENTS (continued)

Page

K2 Compressive loading test assembly……………………………………………………. 36

Appendices

A Coefficient of luminous intensity (CIL) test for Type A and Type A/B markers…….. 14

B Terminal CIL value determination for Type A and Type A/B markers ……………… 18

C Luminance factor test for Type B and Type A/B markers ……………………………. 20

D Water absorption test…………………………………………………………………….. 23

E Heat test…………………………………………………………………………………… 25

F Ultraviolet exposure test…………………………………………………………………. 27

G Impact resistance test for Type A and Type A/B markers …………………………… 29

H Compressive strength test ………………………………………………………………. 31

J Glaze thickness test……………………………………………………………………… 33

K Bond strength test………………………………………………………………………… 34

L Installation of RPM ……………………………………………………………………….. 37

M Bibliography……………………………………………………………………………….. 39



MS 1719:2003

iii

Committee representation

The Building and Civil Engineering Industry Standards Committee (ISC D) under whose supervision this Malaysian
Standard was developed, comprises representatives from the following organisations:

Association of Consulting Engineers Malaysia
Chartered Institute of Building Malaysia
Construction Industry Development Board, Malaysia
Department of Standards Malaysia
Jabatan Bomba dan Penyelamat Malaysia
Jabatan Kerja Raya Malaysia
Jabatan Perumahan Negara
Malaysian Timber Industry Board
Master Builders Association Malaysia
Pertubuhan Arkitek Malaysia
Suruhanjaya Tenaga
The Institution of Engineers, Malaysia
Universiti Teknologi Malaysia

The Working Group on Road Studs which developed this Malaysian Standard consists of representatives from the
following organisations:

Dewan Bandaraya Kuala Lumpur

Jabatan Kerja Raya Malaysia

Lembaga Lebuhraya Malaysia

Projek Lebuhraya Utara Selatan Berhad

SIRIM Berhad (Secretariat)

SIRIM QAS International Sdn Bhd

Universiti Malaya

Universiti Putra Malaysia

Universiti Sains Malaysia

Co-opted members:

3M Malaysia Sdn Bhd

ACP-DMT Sdn Bhd

Dumonic & Robson Sdn Bhd

Tritech Sdn Bhd



MS 1719:2003

iv

FOREWORD

This Malaysian Standard was developed by the Working Group on Road studs under the
authority of the Building and Civil Engineering Industry Standards Committee.

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.
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SPECIFICATION FOR RAISED PAVEMENT MARKERS (RPM)

1. Scope

This Malaysian Standard specifies the performance requirements and methods of testing for
retroreflective and non-retroreflective raised pavement markers, which are bonded or fixed

directly onto the road surface.

2. Referenced documents

The following referenced documents contain provisions which, through reference in this text,

constitute provisions of this Malaysian Standard.  For dated references, where there are
subsequent amendments to, or revisions of, any of these publications do not apply.  However,
parties to agreements based on this Malaysian Standard are encouraged to investigate the

possibility of applying the most recent editions of the referenced documents.  For undated
references, the latest edition of the publication referred to applies.

AS 1627.10 Metal treatment – Preparation and pre-treatment of surfaces: Part 10:
Cleaning and preparation of metal surfaces using acid solutions (non-immersion)

AS 1734 Aluminium and aluminium alloy – Flat sheet, coiled sheet and plate

MS ISO 105-A01 Textiles - Tests for colour fastness: Part A01: General principles of

testing

AS 3554 Adhesives – Epoxy – For raised pavement marker installations

CIE 13.2 Method of measuring and specifying colour rendering – Properties of light
sources

3. Definitions

For the purposes of this standard, the following definitions shall apply.

3.1 Retroreflective raised pavement markers (RRPM)

A device that is installed on road pavement surface which produces an effective point source

of light at normal viewing distances by reflecting incident light in directions close to the
direction from which it originates.

3.2 Non-retroreflective raised pavement marker

A device that is installed on road pavement surface that provides warning and guidance to

road users.

3.3 Unidirectional retroreflective raised pavement marker

A RRPM that has only one retroreflecting face.
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3.4 Bidirectional retroreflective raised pavement marker

A RRPM that has two opposing retroreflecting faces.

3.5 Omnidirectional retroreflective raised pavement marker

A RRPM that is capable of providing retroreflection when subjected to the light emitted from
the headlamp(s) of a motor vehicle approaching from any direction.

3.6 Coefficient of luminous intensity (CIL)

Obtained by dividing the reflected luminous intensity in the direction considered, by the
illuminance at the retroreflective surface, for given observation, entrance and rotation angles,
expressed in candela per lux (cd/lx).

For the measurement of CIL, Figure 1 and the following definitions apply.

3.6.1 Retroreflective axis

A line passing through the retroreflective centre, parallel to the longitudinal axis of symmetry,

and lying in a plane parallel to the base of the marker.

3.6.2 Retroreflective centre

The centroid of the surface carrying the reflective elements.

3.6.3 Datum axis

Extends vertically from the road surface plane starting at retroreflector centre.

3.6.4 Observation angle (αα )

The angle between the straight lines joining the retroreflective centre of the marker to the
centre of the receptor (Y) and to the centre of light source (X).

3.6.5 Entrance angle (ββ )

The angle between the retroreflective axis and the straight line joining the retroreflective

centre of that marker to the centre of the light source (X).

3.7 Illuminance at the retroreflective surface

Illuminance produced by the source of light and measured in a plane perpendicular to the
incident light beam and passing through the retroreflective centre.

3.8 Luminance factor

The ratio of the luminance of a surface to that of a standard white diffusing surface when
illuminated and viewed under the same conditions and viewing geometry. It is usually
expressed as a decimal in the range 0 to 1 or percentage.
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3.9 Type acceptance

A term applicable to retroreflective raised pavement markers which have met with the
specified initial requirements.

3.10 Terminal CIL value

The minimum CIL value observed among the best performing 80 % of a sample of

retroreflective markers which has undergone conditioning under traffic and specified
conditions for a specified period of time.

3.11 Bonded

Method of fixing RRPM to the road surface using an adhesive applied to the RRPM and/or the

road surface at the time of installation.

3.12 Self-adhesive

Type of precoated RPM with adhesive. A primer may be required under some climatic
conditions.

3.13 Primer

An additional coating applied to the surface of the RPM or the road stud, which enhances the
performance of the adhesive bond.

3.14 Anchored

Method of fixing RPM to the road surface using an anchor/spigot/shank. These may be an

extension of the RPM body or a separate part(s) supplied for the purpose. The principle load
bearing interface of the RPM and the road is between the surface of the road and the
underside of the RPM.

3.15 Embedded

Method of fixing studs into a prepared cavity of an appropriate dimension cut into the road
surface. The principle load bearing interface of the stud and the road is between a downward
facing surface of the stud and an upward facing surface of the cavity.
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Figure 1.  Testing geometry for photometric performance of Type A markers

4. Classification

4.1 General categories

Raised pavement markers shall in the first instance be classified according to whether they

are retroreflective, as follows:

a) Type A (retroreflective markers)

Markers designed primarily for night-time use. The colours specified in this standard
are white, yellow, red and green.

b) Type B (non-retroreflective markers)

Markers designed primarily for day-time use. The colours specified in this standard
are white and yellow.

c) Type A/B

Markers combining the characteristics of both Type A and Type B markers, and

hence designed for both day-time and night-time use.

Raised pavement marker

Retroreflective centre

Retroreflective axis

Entrance angle

Observation angle

Receptor (Y)

Light source (X)
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4.2 Retroreflective performance categories

In view of the different rates at which retroreflective markers of different construction degrade
in photometric performance when exposed to traffic on the road surface, Type A and Type
A/B markers need to be further subdivided into three retroreflective performance categories.

Two of these are single categories for markers of commonly used construction. The third is a
multiple category for markers of any construction different from the first two which, by a
process of type acceptance testing as specified in this standard, can be assigned to their own

retroreflective performance category.

Type A and Type A/B markers shall therefore be further classified as follows:

a) Type A1, Type A/B1

Markers with retroreflective elements behind one or more smooth plastic faces
presented directly to oncoming traffic.

b) Type A2, Type A/B2

Markers having retroreflective elements, which comprise a series of glass lenses or

lens-like devices, the front faces of which are presented directly to oncoming traffic.

c) Type A(XXXX), Type A/B(XXXX)

Markers of different construction to the two previous types, and which have been
shown by means of the type acceptance testing procedure specified in 4.3 to have

different photometric performance characteristics from either of these previous types.
Such markers shall be identified as shown, with (XXXX) signifying a three or four
character alphanumeric code assigned by the manufacturer or supplier.

4.3 Type acceptance testing

4.3.1 Purpose

The type acceptance testing procedure specified in 4.3.2 shall be used for any of the following

purposes:

a) Acceptance of a new type of marker in the category Type A(XXXX) or Type

A/B(XXXX) [see 4.2 c)]:

i) by establishing that its terminal CIL values after the specified exposure to

traffic do not fall below the minimum terminal values specified in Table 1, at
the entrance and observation angles listed; and

ii) by using the results of both as-new, and after-traffic-exposure photometric
performance testing to establish performance ratio (PR) factors which are to
be subsequently used for routine testing in accordance with 5.3.1.3.

b) Settlement of any dispute arising from uncertainty as to whether a marker of a new
brand or model which claims conformity with an established type, does so conform, or

whether it should be re-classified with new PR factors [see 4.3.2 c)].
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c) Settlement of any dispute as to whether a marker of a particular brand or model,
previously type acceptance tested, has maintained the manufacturing quality required

to warrant continued acceptance at its currently assigned PR factors [see 4.3.2 c)].

Table 1.  Minimum terminal CIL values for retroreflective markers after specified

conditioning under traffic

Minimum CIL values mcd/lx
Entrance angle,

ββ  (degree)
Observation angle,

  αα  (degree) White Yellow Red Green

0

20

0

0.2

0.2

1.0

5.0

2.2

2.0

3.0

1.3

1.2

1.5

0.7

0.6

1.0

0.4

0.4

4.3.2 Procedure

The procedure for type acceptance testing and PR factor determination is as follows:

a) Subject a randomly selected sample of 30 new, clean markers to the CIL test
specified in Appendix A at each of the entrance and observation angle conditions

(β/α) 0°/0.2°, 20°/0.2°, 0°/1.0°, and record the mean CIL value for each condition.

b) Subject a sample of markers to the terminal CIL value determination procedure in

Appendix B, and compare the terminal CIL value so obtained with the minimum
values given in Table 1 to establish whether the type, brand or model is capable of
meeting the minimum terminal CIL value requirements.

c) Subject to the requirement in step b) being met, calculate the PR factor each of the

entrance and observation angle conditions (β/α) 0°/0.2°, 20°/0.2°, 0°/1.0°, as follows:

   
B)(Appendix traffic  under ngconditioni specified after value CIL  Mean

a)] [2.3.2  markers nedunconditio cleannew  of value CIL Mean
PR(n) =

where,

n = 1 for CIL values taken at (β/α) 0°/0.2°
2 for CIL values taken at (β/α) 20°/0.2°
3 for CIL values taken at (β/α) 0°/1.0°

These PR factors are for use as indicated in 5.3.1.3.

4.3.3 Type acceptance

Acceptance of any retroreflective marker type shall be conditional upon its having terminal
CIL values greater than the minimum terminal CIL value requirements set out in Table 1 after

the specified conditioning under traffic for the specified period of 12 months, together with all
of the relevant general physical and colour requirements specified in Clause 5.
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This requirement represents the absolute minimum performance required of any marker to
meet this standard. Since it requires only a 12 month exposure period (albeit to a quite severe

conditioning regiment), some users may find that the resultant quality requirement is not high
enough for some purposes. In such cases, users may specify either that the testing period be
extended beyond 12 months, or that an artificially raised PR value (see 5.3.1.3) be applied to

acceptance CIL requirements for new, unexposed markers. In the case of Type A1 and Type
A2 markers, an appropriate percentage increase in the specified unexposed CIL performance
limits (Tables 2 and 3) would achieve the same purpose.

5. Performance requirements

5.1 General

5.1.1 Application

The application requirements are as follows:

a) The relevant requirements for non-retroreflective markers , shall be applied to both
initial acceptance of new marker types and to quality control on subsequent

deliveries.

b) The relevant general physical and colour requirements shall be applied as part of the

type acceptance testing for new retroreflective marker types as specified in Clause 4.

c) All of the relevant requirements shall be applied both to standard retroreflective

marker types, and to new types, which have been previously type acceptance tested
in accordance with Clause 4, as a quality control on progressive deliveries.

5.1.2 Sampling and testing sequence

All samples shall be taken at random. Tests shall be carried out in the sequence and

according to the sample sizes specified in Figure 2.
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NOTES:

1. Type A and Type A/B markers only.
2. Type B and Type A/B markers only.
3. Ceramic markers only.

Figure 2.  Testing sequence and sample sizes

5.2 Dimensions and shape

All markers with or without spigots as specified in this standard, shall have dimensions of that

part of the marker that is exposed after installation, as follows:

a) Width (at right angles to traffic direction) shall be between 90 mm to 130 mm.

b) Length (parallel to traffic direction) shall not exceed 200 mm.

c) Height (above pavement level when installed) shall not exceed 25 mm.

The exterior of the marker shall not contain any sharp projections which may be a hazard to

tyres.

30 new markers

CIL test –
30 markers

(Note 1)

Water
absorption –

5 markers

Luminance
factor –

5 markers

(Note 2)

UV exposure
test –

5 markers

Compressive
strength –

5 markers

Adhesive bond
strength –

10 markers

Heat test –

5 markers

Impact

resistance –

5 markers

Glaze
thickness –

5 markers

(Note 3)
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The base of a marker which is not designed to be inset into the pavement shall be flat within
an overall tolerance of 2 mm. If the base has an embossed, ribbed or cellular pattern, this

requirement shall apply to an imaginary surface passing through all low points of the pattern.
The base shall be free of any substance or coating that may reduce its ability to bond to the
adhesive.

5.3 Reflective properties

5.3.1 Retroreflective performance

5.3.1.1 Type A1 and Type A/B1 markers

When a sample of 30 clean new markers is subjected to the CIL test specified in Appendix A,
Type A1 and Type A/B1 markers shall attain CIL values not less than those specified in Table

2 for the corresponding colour.

Table 2.  Type A1 and Type A/B1 markers - Minimum CIL values for clean new markers

Minimum CIL values mcd/lx
Entrance angle,

ββ  (degree)
Observation angle,

  αα  (degree) White Yellow Red Green

0

20

0

0.2

0.2

1.0

300

130

16

240

105

10

120

50

4

60

26

3

5.3.1.2 Type A2 and Type A/B2 markers

When a sample of 30 clean new markers is subjected to the CIL test specified in Appendix A,
Type A2 and Type A/B2 markers shall attain CIL values not less than those specified in Table

3 for the corresponding colour.

Table 3.  Type A2 and Type A/B2 markers - Minimum CIL values for clean new markers

Minimum CIL values mcd/lx
Entrance angle,

ββ  (degree)
Observation angle,

  αα  (degree) White Yellow Red Green

0

20

0

0.2

0.2

1.0

70

63

16

35

32

10

15

13

3

14

13

3

5.3.1.3 Type A(XXXX) and Type A/B(XXXX) markers

When a sample of 30 clean new Type A(XXXX) and Type A/B(XXXX) markers, designated as

prescribed in 4.2 c), and type acceptance tested as specified in 4.3, is subjected to the CIL
test specified in Appendix A, all markers in the sample shall attain CIL values not less than
those specified in Table 4 for the corresponding colour. The PR (1, 2 or 3) factor shall be that

determined for the particular designation of marker from the type acceptance testing
procedure [see 4.3.2 c)].
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Table 4.  Type A(XXXX) and Type A/B(XXXX) markers - Minimum CIL values for clean
new markers

Minimum CIL values mcd/lx
Entrance

angle,
ββ  (degree)

Observation
angle,

  αα  (degree)
White Yellow Red Green

0

20

0

0.2

0.2

1.0

5.0 x PR(1)

2.2 x PR(2)

2.0 PR(3)

3.0 x PR(1)

1.3 x PR(2)

1.2 x PR(3)

1.5 x PR(1)

0.7 x PR(2)

(3)

1.0 x PR(1)

0.4 x PR(2)

0.4 x PR(3)

5.3.2 Luminance factor - Type B and Type A/B markers

When a sample of five markers is tested in accordance with Appendix C, the mean luminance
factor of Type B and Type A/B markers shall not be less than that specified in Table 5, and no

individual marker shall have a luminance factor more than 0.05 from the mean of the sample.

Table 5.  Luminance factor for Type B and Type A/B markers

Colour Luminance factor (minimum)

White

Yellow

0.60

0.40

5.4 Colour

5.4.1 Type A and Type A/B markers

When viewed in simulated night-time conditions, the perceived colour of Type A and Type A/B
markers shall be that commonly associated with the designated colour in particular, there

shall be no gross desaturation of the colour. Test viewing shall be carried out using a source
approximating CIE Standard Illuminant A (see CIE 13.2) and using a comparison sample of
acceptable colour.

5.4.2 Type B and Type A/B markers

When viewed under natural daylight conditions, the perceived colour of Type B and Type A/B
markers shall be that commonly associated with the designated colour. Test viewing should
be carried out using a comparison sample of acceptable colour, and if an artificial light source

is to be used, it shall be a source approximating CIE Standard Illuminant D65.

5.5 General physical requirements

5.5.1 Water absorption

When a sample of five markers is tested in accordance with Appendix D markers shall show
no visible signs of water ingression. For any one marker, the change in the reflective
properties specified in 5.3.1, or 5.3.2, or both, as appropriate for the type of marker, shall be

not more than 15 %.
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5.5.2 Heat test

When a sample of five markers is tested in accordance with Appendix E, the markers shall
show no colour change greater than 4 on the grey scale, loss of gloss, distortion, softening or
other physical deterioration. For any one marker, the change in the reflective properties

specified in 5.3.1, or 5.3.2, or both, as appropriate for the type of marker, shall be not more
than 15 %.

5.5.3 UV exposure test

When a sample of five markers is tested in accordance with Appendix F, they shall comply

with the following requirements:

a) For Type A and Type A/B markers only

Markers shall show no change in CIL value exceeding 15 %.

b) For all types of marker

i) Markers shall show no greater deterioration in observable physical condition

than that shown by an acceptable control sample marker, which has been
exposed, to ultraviolet radiation.

ii) When examined under the conditions specified for the tests in 5.4.1 and
5.4.2, markers shall show no greater colour change or fade than that
exhibited by an acceptable control marker which has been exposed to

ultraviolet radiation.

5.5.4 Impact resi stance (Type A and Type A/B markers)

When a sample of five markers, which have previously successfully undergone the UV
exposure test in 5.5.3, is tested in accordance with Appendix G, the markers shall exhibit no

permanent damage detrimental to their designed use. In particular, markers consisting of a
plastic shell incorporating integrally moulded retroreflective elements, and filled with a body
material which is in intimate contact with the back of the retroreflective elements, shall not

exhibit:

a) fracture of the shell extending more than 10 mm from the centre of the point of impact

of the hammer, in any direction; or

b) delamination of the rear face of the retroreflecting element from the body of the

marker extending by more than a radius of 20 mm from the centre of the point of
impact of the hammer.

5.5.5 Compressive strength

When a sample of five markers is tested in accordance with Appendix H, the compressive

strength shall be not less than the value given in Table 6 for the corresponding deformation at
failure.
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Table 6.  Variation of allowable minimum compressive strength with deformation at
failure

Deformation at failure

(mm)

Allowable minimum compressive strength

(kN)

<1

> 1 < 3

> 3*

7

6

5

* If failure has not occurred at 5 mm deformation, the load at 5 mm deformation shall be taken as the
compressive strength

5.5.6 Glaze thickness

When determined in accordance with Appendix J, the glaze thickness of ceramic markers
shall be not less than 0.075 mm.

5.5.7 Adhesive bond strength

When determined in accordance with Appendix K, the bond strength of markers which is not
designed to be inset into the pavement shall be not less than 2.0 MPa.

5.5.8 Additional requirements for Type B and Type A/B markers

Type B and Type A/B markers shall be essentially free from defects, which would affect their

appearance or serviceability.

The exterior surfaces of Type B and Type A/B markers shall be smooth with all exposed

edges rounded. The surface finish of the top shall be full gloss, the top surface shall be
convex and any change in curvature shall be gradual. Users should satisfy themselves that
markers do not discolour or retain road grime in their operating environment.

6. Marking and packaging

Individual Type A, Type B and Type A/B markers shall be durably labelled with the
manufacturer's name or trademark.

The markers shall be packed in such a manner that they will not be subject to scratching in
transit.  Packages containing markers shall be durably marked with the following information:

a) the manufacturer's name or trademark;

b) product designation, i.e. type, size and colour;

c) production batch number; and

d) date of manufacture.

NOTE.  Manufacturers making a statement of compliance with this Malaysian Standard on a product, packaging, or
promotional material related to that product are advised to ensure that such compliance is capable of being verified.



MS 1719:2003

13

7. Installation recommendation

For a guideline on the installation of RPM, refer to Appendix L.
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Appendix A
(normative)

Coefficient of luminous intensity (CIL) test for
Type A and Type A/B markers

A1. Scope

This appendix sets out the method for determining the CIL values of Type A and Type A/B
raised pavement markers. To comply with those requirements of 4.3 relating to markers which

have been subjected to conditioning under traffic, the test may be carried out either in the field
or laboratory, provided that Clauses A2 to A7 are complied with.

A2. Methods of measurement

The measurement of the coefficient of luminous intensity (CIL) of a retroreflective device such
as a pavement marker requires measurement of the illuminance at a test piece, followed by
measurement of the resulting luminous intensity of the test piece at the specified entrance

and observation angles. These measurements can be carried out either by:

a) the direct method, whereby both the illuminance at the test piece and the luminous

intensity of the test piece are read directly from instruments calibrated in lux and
candelas respectively; or

b) the indirect method, whereby a photoelectric receptor is first placed in the test piece
position to obtain an illuminance reading and then relocated to the observation
position to obtain a luminous intensity reading from the test piece, thus requiring

calculation of CIL by indirect means.

NOTE.  The indirect method is commonly used by laboratories required to carry out frequent CIL measurements. The
instrumentation is also suitable for making ClL/m2 measurements of retroreflective materials (e.g. as specified in AS
1906.1).

A3. Instrumentation

The optical layout of a suitable photometer or optical bench is illustrated in Figure A1. It

comprises the following items:

a) Light source

The light source is a stable source approximating CIE Standard Illuminant A (see CIE
13.2). A circular aperture which subtends (8 + 3) minutes of arc at the test piece is

used. Mounted in conjunction with the light source should be a device for accurately
locating the luminance meter (see Clause A4) or photoelectric receptor (Clause A5)

so as to obtain the specified observation angles (α) when taking luminous intensity

readings (see Figure A1).

NOTE.  To minimise stray light effects, the light source should emit a beam just wide enough to cover the test piece.
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b) Test piece holder

The test piece holder needs to be capable of holding a marker such that the angle β
(see Figure A1) can be varied from 0° to 20° either side of the zero position and with
the reference direction always in a plane passing through the centre of the light

source and the receptor.

c) Light measuring instruments

Light measuring instruments comprise either:

i) for measurement by the direct method, an illuminance meter appropriately
calibrated in lux, and a luminance meter appropriately calibrated in candelas;
or

ii) for measurement by the indirect method, a photoelectric receptor having a

circular aperture subtending (5 ± 2) minutes of arc at the test piece fixture;

and which shall either have the relative spectral response of the CIE
Standard Colormetric Observer and a linear response to increasing
illumination over the whole range likely to be encountered in testing; or shall

be calibrated using standard photometric procedures, and correction factors
applied where necessary for departures from correct spectral and linear
response.

The base length of the photometer, i.e. the distance between the test piece and the
luminance meter or photoelectric receptor position will be determined by the physical size of

available light sources and receptors and the need to arrange these so as to obtain the
specified observation angles a). A minimum base length of 7.5 m is recommended. However,
short-base photometry using collimating lenses to obtain equivalent geometry by optical

means is not precluded.

NOTE. With the photometer configuration given in this Clause and the measurement procedures given in Clauses A4
and A5, it can be expected that errors in CIL values obtained will not exceed 10 %.

A magnesium oxide or similar diffusely reflecting surface shall not be used to calibrate the

photometer.

A4. Procedure and calculation - Direct method

The procedure is as follows:

a) Using an illuminance meter appropriately calibrated in lux, measure the illuminance
produced at the test piece reference point position.

b) Using a luminance meter appropriately calibrated in candelas placed at the receptor
position, and with a field of view sufficient to include the entire test piece from that

position, take the stray light reading when the holder and surrounds are illuminated
but no test piece is in position.

c) Place the test piece in position (see Clause A6). Take readings of luminous intensity

(I) at observation angle α = 0.2° and entrance angles β = 0°, +20° and -20°, and at

observation angle α = 1.0° and entrance angle β = 0°.
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At angles α = 0.2° and β = 20°, the value of I for calculation of CIL shall be the mean of the

two readings at β = +20° and -20°.

Figure A1.  Testing geometry for determining CIL values of Type A and Type A/B
markers

d) Calculate the CIL using the following equation:

CIL = I/E

where,

I is the luminous intensity of the test piece, in candelas, minus stray light reading; and

E is the mean illuminance at the test piece, in lux.
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A5. Procedure and calculation - Indirect method

The procedure is as follows:

a) Take a dark current reading for the receptor before switching on the light source.

b) With the receptor located at the test piece reference point, and pointing directly at the
light source, take an illuminance reading.

c) Relocate the receptor to the receptor position and take the stray light reading when
the test piece holder and surrounds are illuminated but no test piece is in position.

d) Place the test piece in position (see Clause A6). Take receptor readings at

observation angle α = 0.2° and entrance angles β = 0°, +20° and -20°, and at

observation angle α = 1.0° and entrance angle β = 0°.  For calculation purposes, the

value at entrance angles 20° shall be the mean of the two readings at +20° and -20°.

e) Calculate the CIL values using the following equation:

i

t

2

CIL
R

dR
=

where,

Rt is the test piece luminance reading, minus dark current and stray light readings;

Ri is the illuminance reading with the receptor in the test piece position, minus the dark
current reading; and

d is the distance between test piece and receptor, in metres.

A6. Conditioning of test pieces

A6.1 New marker

Where the testing of new markers is specified, markers shall be in ex-factory condition,
cleaned lightly if necessary to remove dust.

A6.2 Markers conditioned under traffic

Where the testing of markers after conditioning under traffic is specified, markers shall be
tested in the on-road or as-lifted condition, with any marker showing signs of disturbance to

any accumulated dirt, dust or other road material which might affect its CIL reading being
rejected.

A7. Report

For the sample of markers tested the report shall record the CIL value for each marker at
each of the viewing angles at which testing was carried out, and whether the sample
comprised new markers, or markers conditioned under traffic.
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Appendix B

(normative)

Terminal CIL value determination for Type A and
Type A/B markers

B1. Scope

This appendix sets out the method of determining the terminal CIL value of a sample of Type

A or Type A/B markers. The method also gives the mean CIL value of the sample for use in
PR factor determination.

B2. Principle

Markers are exposed to traffic for an extended period under conditions representative of
normal service, following which they are subjected to CIL measurement.

B3. Test sample

Fifty clean new markers, selected at random, shall be subjected to conditioning under traffic in
the first instance. From this sample a randomly selected sample of 30 markers shall be
subsequently subjected to CIL measurement.

B4. Procedure

The procedure shall be as follows:

a) Subject the sample of markers to conditioning under traffic for a period of 12 months
under the following conditions:

i) The markers shall be installed on a straight section of divided road, having
two lanes flowing in the same direction and no significant weaving

manoeuvres.

ii) The lane width shall be not less than 3.2 m and not more than 3.7 m.

iii) The markers shall be installed as follows:

A: White markers on the lane line between the two lanes.

B: Red markers beside the left hand edge line.

C: Yellow markers beside the median edge line (unkerbed median).

D: Green markers on the continuity lines.

iv) The traffic volume shall be 5 000 to 8 000 vehicles/day/lane (annual average

daily traffic) with 7 % to 12 % commercial vehicles.
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v) The carriageway shall have sealed shoulders on both sides.

NOTES:

1.  The initial sample should be large enough to allow for losses of markers under traffic.

2.  Where there is concern that a test installation might be lost due to roadworks during the test period, two or more
separate installations, each of a minimum of 50 markers, should be considered.

b) Take a randomly selected sample of 30 markers from those which have survived the
above conditioning in a sufficiently undamaged state to allow CIL measurements
representative of the full reflective face to be taken and, if to be tested in the

laboratory, have been successfully lifted from the road surface. Any accumulated dirt
which might in any way obscure the retroreflective faces or elements shall not be
disturbed prior to CIL measurements.

c) Subject the sample to the CIL test specified in Appendix A at each of the entrance

and observation angle conditions β/α =  0°/0.2°, 20°/0.2° and 0°/1.0° and, for each

condition determine:

i) the terminal CIL value of the sample, i.e. the minimum CIL value observed

among the highest performing 80 % of the markers in the sample; and

ii) the mean CIL value of all markers in the sample.

B5. Report

For the sample tested the following shall be reported:

i) the marker type and colour;

ii) the manufacturer's name and identifying model number or description;

iii) the terminal CIL value; and

iv) the mean CIL value.
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Appendix C

(normative)

Luminance factor test for Type B and Type A/B markers

C1. Scope

This appendix sets out the method for determining the luminance factor of Type B and Type
A/B raised pavement markers.

C2. Apparatus

C2.1 General

A reflectometer or colorimeter may be used.

C2.2 Reflectometer

Where used, a reflectometer shall consist of the following components:

a) A light source, approximating CIE Standard Illuminant C or D65 (see CIE 13.2), which

shall be stable, and a circular aperture which subtends (8 ± 3) minutes of arc at the

marker, shall be used. The illuminance shall be uniform within a total tolerance of
10 % over the marker.

b) A photoelectric receptor which shall either:

i) have a relative spectral response of the CIE Standard Colormetric Observer

and a linear response to increasing illumination over the whole range likely to
be encountered when testing to the requirements of this standard; or

ii) be calibrated using standard photometric procedures and correction factors
applied where necessary for departures from correct spectral and linear
response.

The receptor shall have a circular aperture subtending (5 ± 2) minutes of arc at the marker's
position.

c) A comparison plate which may either be a magnesium oxide surface or a suitable
permanent calibrated surface.

C2.3 Colorimeter

If used, a colorimeter shall have the instrument geometry 45° illumination and normal viewing
(45/0) using CIE Standard Illuminant C or D65.  It shall be calibrated using a reference tile of
colour close to that of the test piece.
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C3. Test sample

Five markers, selected at random, shall be tested.

C4. Procedure

C4.1 Reflectometer

The procedure shall be as follows:

a) Arrange the light source and receptor in relation to the marker as indicated in Figure
C1 a). Any area of specular reflection must be masked with a small piece of matt

black material. Record the reading Rm of the receptor.

b) Substitute the comparison plate for the marker as indicated in Figure C1 b). Record

the reading Rc of the receptor.

NOTE.  The area viewed by the receptor will not, in general, be circular; the minor axis of the area subtended at the
marker is not to be greater than 10 mm.

c) Calculate the luminance factor using the following formula:

c

c

m

m L 
R

R

L =

where,

Rm is the reading of the marker;

Rc is the reading of the comparison plate;

Lc is the luminance factor of the comparison plate; and

Lm is the luminance factor of the marker.

C4.2 Colorimeter

The procedure shall be as follows:

a) Calibrate the instrument according to the manufacturer's instructions using a
reference tile.

b) Measure and record the luminance factor of each marker.

C5. Report

For the five markers tested, the luminance factor of each marker and the mean value for the
sample shall be reported.
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NOTES:

1.  Directions X, Y and Z at position a) are in the same plane.

2.  The comparison plate at position b) replaces the marker such that the angular and positional relationship with
respect to the reflectometer is maintained.

Figure C1.  Measurement geometry for determining the luminance factor of Type B and

Type A/B markers
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Appendix D

(normative)

Water absorption test

D1. Scope

This appendix sets out the method for determining whether water absorption may occur in a
raised pavement marker in actual field conditions and its effect on reflectivity.

D2. Apparatus and materials

The following apparatus and materials are required:

a) glass beaker such that the marker under test will be totally immersed;

b) bunsen burner or any other suitable heating device; and

c) distilled water.

D3. Test sample

Five markers, selected at random, shall be tested.

D4. Procedure

The procedure shall be as follows:

a) Pre-condition the markers by keeping them at a temperature of (23 ± 2) °C and

approximately 70 % relative humidity for 24 h before testing.

b) For Type A and Type A/B markers, measure the CIL values in accordance with

Appendix A for β = 0° and α = 0.2° and for Type B and Type A/B markers, measure
the luminance factor in accordance with Appendix C.

c) Fill the beaker with distilled water to a level such that the marker will be totally
immersed.

d) Place the marker in the beaker with distilled water which is then brought to

(50 ± 2) °C.

e) Maintain this temperature for a period of 2 h.

f) After 2 h, cool with the marker still immersed in the water, for a period of 24 h.

g) After 24 h cooling, remove the marker from the water and dry the surfaces with a
towel.
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h) Examine the marker for any visible signs of water ingression.

j) Remeasure CIL values of Type A and Type A/B markers for β = 0° and α = 0.2°, and
the luminance factors of Type B and Type A/B markers.

D5. Report

For each of the markers tested, the following shall be reported:

a) for all marker types - any water ingression;

b) for Type A and Type A/B markers  -  the change in CIL values; and

c) for Type B and Type A/B markers  -  the change in luminance factor.
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Appendix E

(normative)

Heat test

E1. Scope

This appendix sets out the method for determining the ability of raised pavement markers to
withstand hot tropical conditions when placed on road surfaces and the effect of such

conditions on reflective properties.

E2. Apparatus

A laboratory oven capable of maintaining a temperature to 60 °C.

E3. Test sample

Five markers, selected at random, shall be tested.

E4. Procedure

The procedure shall be as follows:

a) For Type A and Type A/B markers, measure the CIL values in accordance with

Appendix A for β = 0° and α = 0.2° and for Type B and Type A/B markers, measure
the luminance factor in accordance with Appendix C.

b) Set the oven to a temperature of 
0
2 C 60

o +
−  

o
C

c) Place the marker centrally in the oven and leave for a period of 5 h.

d) After a suitable cooling period, examine the marker for distortion, colour change and
loss of gloss.

e) Remeasure CIL values of Type A and Type A/B markers for β = 0° and α = 0.2°, and
the luminance factors of Type B and Type A/B markers.

f) Determine the grey scale number from the colour change test specified in
MS ISO 105-A01.
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E5. Report

For each of the markers tested, the following shall be reported:

a) for all marker types - any distortion, loss of gloss and the grey scale colour change

number;

b) for Type A and Type A/B markers - the change in CIL values; and

c) for Type B and Type A/B markers - the change in luminance factor.
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Appendix F

(normative)

Ultraviolet exposure test

F1. Scope

This appendix sets out the method for simulating the ultraviolet (UV) exposure of raised
pavement markers experienced in field conditions.

NOTE. The purpose of this test is to rank materials and quickly identify defective materials. Results obtained under
different lamp types may not be comparable.

F2. Principle

Markers are exposed to UV light and compared with a control sample, which has also been
exposed to UV light and found acceptable. Markers are then examined for signs of physical

degradation and, in the case of Type A and Type A/B markers, change in CIL values.

F3. Apparatus

The apparatus shall be such that the markers can be mounted around the internal face of an

open-ended cylindrical rack in the centre of which is mounted a UV source such that the
reflecting faces of the markers face the lamp and are between 120 mm and 150 mm from the
glass envelope of the lamp. The rack shall be mounted so that the air can circulate freely

through the open ends. The lamp shall be switched on using an electrical timer for the
required number of hours, which may be accumulated either continuously or for broken
periods.

NOTE. A suitable UV source is an internally phosphor-coated, tungsten filament, mercury vapour lamp with a
minimum rating of 500 W, e.g. type MLLN or MBTF.

F4. Test sample

Five markers, selected at random, and suitably marked for later identification, shall be tested.

F5. Procedure

The procedure shall be as follows:

a) For Type A and Type A/B markers, measure the CIL values in accordance with

Appendix A for β = 0° and α = 0.2°.

b) Position the markers in the UV exposure apparatus.

c) Subject the markers to 500 h exposure.

NOTE. The surface temperature should not exceed 60 °C.
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d) Compare the UV-exposed control sample with each of the markers under natural or
simulated daylight.

e) Remeasure CIL values for Type A and Type A/B for β = 0° and α = 0.2°.

F6. Report

For each of the five markers tested, the following shall be reported:

a) for all marker types - whether there was any physical deterioration or colour change

greater than that shown by the UV-exposed control sample; and

b) for Type A and Type A/B markers - the individual change in CIL values for each

marker.
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Appendix G

(normative)

Impact resistance test for Type A and Type A/B markers

G1. Scope

This appendix sets out the method for determining the resistance to impact of the reflective
face of Type A and Type A/B raised pavement markers.

G2. Application

The test is conducted on markers which have been subjected to the UV exposure test
described in Appendix F, and which comply with the requirements of that test.

G3. Apparatus

The following apparatus is required:

a) An impact testing machine comprising a hammer head with a mass of (2 000 ± 20) g,
and hemispherical in shape with a diameter not less than 40 mm. The hammer head

is attached to a pivotted shaft (225 ± 2) mm long. The pivotted hammer is allowed to

fall under gravity through an arc of (40 ± 2)° before impacting the marker on the
shoulder adjacent to the reflective face such that the arm of the hammer is parallel to
the base of the marker at the end of its travel.

NOTE. The machine should be capable of readily performing this test cycle 100 times. The Boehme hammer, if
available, will meet this requirement.

b) Marker test stand manufactured from 6 mm steel plate. The stand shall be capable of
being adjusted if necessary so that the hammer pivot arm is horizontal when the

hammer strikes the test piece.

c) Aluminium alloy plates 140 mm x 110 mm x 2 mm complying with AS 1734, to which

the markers are bonded by means of an adhesive complying with AS 3554 using the
minimum practical thickness.

G4. Test sample

Five markers that have passed the test in Appendix F shall be tested.
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G5. Procedure

The procedure shall be as follows:

a) The test shall be carried out under standard laboratory conditions at a temperature of

(23 ± 2) °C.

b) Position an aluminium plate with marker attached on the marker test stand so that the

falling hammerhead will impact at the centre of the reflective shoulder of the marker.

c) Operate the apparatus for 100 cycles and constantly monitor it to ensure that the

marker does not move.

G6. Report

For each of the five markers tested, the following failures occurring at the conclusion of 100
hammer blows, shall be reported:

a) any permanent damage considered to be detrimental to the designed use of the
marker; and

b) for markers consisting of a plastic shell incorporating integrally moulded

retroreflective elements, and filled with a body material which is in intimate contact
with the retroreflective elements:

i) the type and extent of any fracturing of the shell measured from the centre of
the point of impact of the hammer; and

ii) the extent of any determination of the shell from the body, measured from the
centre of the point of impact of the hammer.
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Appendix H

(normative)

Compressive strength test

H1. Scope

This appendix sets out the method for determining the compressive strength of a raised
pavement marker by the flexural mode of failure.

H2. Apparatus

H2.1 Compression testing machine, with a capacity of at least 7 kN, load pacing
capabilities, and a means of measuring test piece deformation at any stage during the loading

process and at test piece failure.

H2.2 Steel ring, 25 mm high (non-critical dimension), 76 mm internal diameter (critical

dimension) and about 6 mm wall thickness (non-critical dimension).

H2.3 Solid metal plug, 25 mm (critical dimension) and 25 mm high (non-critical

dimension).

H2.4 Insertions,  3 mm thick rubber, fitted to avoid metallic contact between marker and

the plug only, to uniformly spread the load over the marker.

H3. Test sample

Five randomly selected markers shall be tested.

H4. Preparation of test pieces

Markers which do not have a flat base shall be prepared for testing by filling the voids

between the protrusions on the base of the marker with a high strength casting plaster with a
minimum rated strength of 27 MPa. If a marker has a honeycomb base, the plaster shall not
be allowed to fill the honeycomb cells, but to penetrate them only to the extent needed to

achieve a rigid base.

The casting plaster shall be mixed with sufficient water to be fluid enough for the protrusions

to penetrate easily through to the forming level plate. Adequate time shall be allowed for the

casting plaster to set. An oven at a maximum temperature of 55 °C may be utilised to speed
drying time.
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H5. Procedure

The procedure shall be as follows:

a) Place the steel ring on the testing machine lower platen.

b) Centre the marker base down upon the ring.

c) Lower the solid metal plug on to the top of the marker which is then centred.

d) Load at a rate of 5 kN/min, ensuring that the metal plug is normal to the base of the

marker.

e) Apply the load to the marker until destruction or until the specified deformation

reaches 5 mm.

f) Record either the compressive strength in kN and the deformation in mm at failure, or

the compressive strength in kN when the deformation reaches 5 mm, whichever
event occurs first.

H6. Report

For each of the five markers tested report the compressive strength and deformation at
failure, or the compressive strength at 5 mm deformation, whichever event occurrs first.
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Appendix J

(normative)

Glaze thickness test

J1. Scope

This appendix sets out the method for determining the glaze thickness of ceramic markers.

J2. Apparatus

A device such as a travelling microscope having a magnification of greater than 20x with the
graticule calibrated in divisions of 0.005 mm is required.

J3. Test sample

Five randomly selected markers shall be tested.

J4. Procedure

The procedure shall be as follows:

a) Obtain a section of the pavement marker from the perimeter to the centre of the

marker.

b) Determine the glaze thickness using a technique appropriate to the apparatus to the

nearest 0.005 mm.

J5. Report

The glaze thickness shall be reported.



MS 1719:2003

34

Appendix K

(normative)

Bond strength test

K1. Scope

This appendix sets out the method for determining the bond strength between raised
pavement markers which is not designed to be inset into the pavement and adhesive. The

markers are tested in the as-supplied condition.

K2. Apparatus and materials

K2.1 Testing machine, a compression testing machine having a capacity of 100 kN.

K2.2 Ten steel blocks,  each of (115 ± 1) mm x (65 ± 1) mm x (20 ± 1) mm.

K2.3 Five polytetrafluoroethylene (PTFE) spacers,  each of (115 ± 1) mm x (24 ± 1) mm
x 5 mm (approximately). Thickness of spacer is not critical.

NOTE.  Polystyrene foam can be used as a successful alternative to PTFE. Polystyrene spacers are removed by the
application of two or three drops of toluene.

K2.4 Epoxy adhesive, approximately 300 mL (mixed volume) and complying with
AS 3554.

K3. Test sample

Ten markers selected at random shall be tested. They shall be in the clean new condition,
except that there shall be no cleaning of the base of the marker.

K4. Preparation of test assemblies

Prepare five test assemblies as follows:

a) Prepare the mating surfaces of the steel blocks by degreasing both sides and

thoroughly cleaning, first by grit blasting, and then, just before conditioning to the test
temperature, by solvent cleaning. The mating surface shall be prepared to Class 3 as
specified in AS 1627.10.  After solvent cleaning do not touch the prepared surfaces.

NOTE.  One fingerprint will void the test.

b) Condition the test equipment, pavement markers and the adhesive at a temperature

of (23 ± 1) °C for (24 ± 1) h.

c) Mix and apply the adhesive to a marker in accordance with the adhesive
manufacturer's recommendations.
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d) Set up the test assembly as shown in Figure K1.

NOTE.  The direction of loading of the assembly should be parallel to the longest dimension of the marker, except
where this exceeds 130 mm.

e) Press the marker onto the block assembly until the base of the marker comes into
contact with the spacer, thus giving a continuous 2 mm layer of adhesive between the
marker and the steel blocks.

f) Remove excess adhesive taking care not to disturb the position of the marker.

g) When the adhesive has developed sufficient strength (according to the
manufacturer's data) turn the assembly over and repeat steps c) to f) with a second
marker.

h) Cure for (24 ± 1) h at (23 ± 1) °C, then tap out the spacer.

K5. Procedure

a) Determine the bond strength in compressive shear for each of the test assemblies, in
the compression testing machine, with a loading rate of 5 kN/min until failure occurs
(see Figure K2).

b) Record, for each test assembly, the load at failure and the nature of the bond failure.

K6. Calculation

Calculate the shear bond strength of each test assembly from the following equation:

                         
)(m area Bonded

(N) Load
  (Pa) strength Bond

2
                           =

where, bonded area is the area of base of one marker minus area masked by spacer.

K7. Report

Report the bond strength in MPa and the nature of bond failure for each of the assemblies

tested.
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Figure K1.  Preparation of adhesive bond strength test assembly
(one marker in place)

Figure K2.  Compressive loading test assembly

Marker

Adhesive

Adhesive

Aluminium packing
strips 2 mm thick

Glass plate

Spacer extends 2 mm past both

faces of steel blocks

Dimensions in millimetres
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Appendix L

(informative)

Installation of RPM

L1. Recommendations for the installation of bonded RPM

L1.1 General

It is essential that bonded RPMs are fixed in accordance with the manufacturer's instructions
with the recommendations of L1.2 to L1.6 applied where necessary.

L1.2 Cleaning of the road surface

The road surface should be cleaned. Dust, oil, grease and other contaminants should be

removed.

L1.3 Concrete surfaces

RPMs should not normally be laid before the concrete is cured. If the concrete is clean and
well worn it may be prepared by wire brushing. New concrete which may have a curing agent

on the surface (to which epoxy adhesives will not bond) should be prepared by applying a
10 % hydrochloric acid solution. This should be put on with a stiff brush and then rinsed
thoroughly with fresh water. The surface should then be allowed to dry thoroughly before

proceeding with the installation.

L1.4 Newly laid asphalt or coated macadam

The surface should, where possible, be allowed to weather and compact for a minimum
period of 6 weeks to 8 weeks depending on traffic conditions prior to the installation of

permanent RPM.

L1.5 Installation of bonded studs

RPMs should not be installed on white lines or on joints in the road surface. It is advisable to
install them when the road surface is completely dry and when the road surface temperature

is greater than 25 °C unless the manufacturer of the adhesive recommends that it is suitable
for use in other conditions.

NOTES:

1.  A blow lamp may be used to prepare the road surface in damp or cold weather but care should be taken not to
overheat the road surface as this weaken it.

2.  In cases of doubt the adhesive manufacturer’s advice should be obtained on whether the adhesive is appropriate
to the surface in question.

L1.6 Method of use of adhesive

Any settling of fillers or pigments in the adhesive components should be completely dispersed
by stirring before components are mixed.
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Just before use the components should be thoroughly mixed to give a homogeneous mixture
of uniform colour. The manufacturer's instructions should be followed regarding the

application of the adhesive and any safety precautions.

The adhesive should be used as quickly as possible after mixing and never after it has started

to set in the container. The whole of the bottom surface of the RPM should be bonded to the
road surface. The adhesive should be allowed to set sufficiently before allowing traffic to over
run the RPM.

L2. Recommendations for the installation of anchored RPM

L2.1 General

It is essential that anchored RPM are fixed in accordance with the manufacturer's instructions
with the recommendations of L2.2 and L2.3 applied where necessary.

L2.2 Preparing concrete surfaces

The cavities formed in concrete surfaces for accepting the anchored part of an anchored RPM

should be thoroughly cleaned of dust and loose material. This should be achieved by either
pressure blasting or suction using appropriate equipment. The cavities should be primed with
a spirit based bituminous primer unless otherwise recommended by the manufacturer.

L2.3 Bituminous surfaces

The cavities formed in bituminous surfaces should be cleaned as for concrete in L2.1. In cold
weather, the temperature of the bituminous material immediately surrounding the cavities
formed to accept the anchored part of an anchored RPM may be gently heated in order to

prevent rapid cooling of any heated bituminous adhesive or grout used in the cavity.

NOTE. Care should be taken not to overheat the road surface as this can weaken it.
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Appendix M

(informative)

Bibliography
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