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Introduction

This Regulation combines the provisions of individdN Regulations Nos. 37,
69, 70 and 104 into a singleN Regulation, and is the outcome of t¥orld Forum for
Harmonization of Vehicle Regulationg/f.29 decision to simplifythe lightingand light
signallingRegulations based on the initial proposal sy European Union and Japan.

The objective of thisRegulation is to increase the claritio consolidate and
streamline the complexity of requirementsUN RegulationsNos. 3, 27, 69, 70 and 104
andto prepare for the future transition to performance dasguirements, by reducing the
number ofUN Regulations through an editorial exercise without changing any of the
detailed technical requirements already in force up to the date of entry into force of this
Regulation.

Although thisRegulation departs fra the traditional approach of having a separate
Regulation for eachetroreflectivedevice by combining allretro-reflectorsretro-reflective
marking plates retro-reflective markings and advance warning trianglésto a single
Regulation, thissimplified UN Regulation contains all provisions and operates according to
the existing structure of series of amendments, their transitional provisions and
supplements. The transitional provisions associated with a new series of amenments
this Regulabn will be identified for each device as applicable, this also includes a list of
devices and their applicabtange indexes relating to theries of amendments.

It is expected that alContractingParties to the 195&greement will adopt this
Regulatbn andwill provide detailed explanation in case they are not in a position to adopt
particular retroreflective devices These decisions will be registered in
ECE/TRANS/WP.29/343 that rerds the status of the annexed UNgRlations and of the
amendments.

Regarding the requirements for approval markings, Regulation includes the
requirements for the use of the "Unique ldentifier" and is conditional upon access to
secure internet databasstablished by UNECEn accordance with Schedule 5 of the 1958
Agreement) where all type approval documentati on
used there is no requirement faetro-reflective devicesto carry the conventional type
approval markings (Enark). If itis technically not possible to use the "Unique Identifier"
(e.g. if the access to the UN internet database cannot be secured or the UN secure internet
database is not operative) the use of conventional type approval markings is required until
the use oftie "Unique Identifier" is enabled.

1. Scope

This Regulation applies tetro-reflectivedevices as

Retroreflectors of the Classes IA, IB, llIA, IIIB and IVA

Retroreflective Markings of the Classes C, DakdF

Retroreflective Marking Platefor Heavy and Long Vebhiclesf the Classes
1,2,3,4and 5

Retroreflective Marking Plates foBlow Moving Vehiclesof the Classs1
and 2

Advance Warning Triangles of Type 1 and 2
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2.1

2.1.1.

212

2.2

23.

Definitions

Forthepurpose of this Regulation

All the definitions given ithe latest series of amendmentdfd Regulation
No. 48 in force at the time of application for type approval shall apphgss
otherwise specified.

"Retroreflective devicesf different typesmeangetroreflective devicesas
retroreflectors orretroreflective materials or marking plates @dvance
warningtrianglesof different types, which differ in such essential respects as:

(@) Thetradename or mark:

(i) Retroreflectivedevicesbearing thesametrade name or mark but
produced by different manufacturers are considered as being of
different types;

(i) Retroreflective devices produced by the same manufacturer
differing only by the trade name or mark are considerdibag)
of the same type;

(b)  The characteristics of the retreflective material,
(c)  The characteristics of the fluorescent material, if applicable;

(d) The parts affecting the properties of the rewflective materials
and/or plates;

(e) The distinctive geometrical and meckeah features of the design
(only for plates/devices corresponding to Arnex 5.

For materials and/or plates corresponding to Ammex 5, differences in the
shape and dimensions of the marking shall not constitute a different type.

In the case 6 a type of "retro-reflective device or reflective marking
material differing only by the trade name or mark from a type that has
already been approved it shall be sufficient to submit:

(@ A declarationby the "retro-reflective devict or reflective marking
material manufacturer that the type submitted is identical with (except
in the trade name or mark) and has been produced by the same
manufacturer as the type already approved, the latter being identified
by itsapproval number

(b) Two samples bearing the new trade name or mark or equivalent
documentation.

A type of "retro-reflective device or retroreflective materialis defined by

the models and descriptive literatusabmitted with the application for
approval. Retraeflective devices can be considered as belonging to the same

type if they have one or more "retreflecting optical units" which are

identical with those of the standard model, or if not identical are symmetrical

and suitable for mounting one on the left and onethe right side of the

vehicle, and if their other parts differ from those of the standard model only

in ways not affecting the properties to whittis Regulationapplies. A

change of colour of theetror e f | ect i ve materials of t
does not constitute ehangeof type.

Definitions CIE-Goniometer Sgtem
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23.1.
23.11.

2312

23.13.

23.14.

23.15.

23.16.

23.1.7.

23.18.

23.19.

2.3.1.10.

23.1.11.

2.3.2.
2321

Geometriadefinitions (sed-igure A4-Il)

"lllumination axis (symbol ) means aline segment from the centre of
reference to the light source.

"Observationaxis (symbol O) means a line segment from the centre of
reference to the photometer head;

"Observati on 4 megahsethe @asgle idivedén the )llumination
axis and the observation axiEhe observation angle is always positive and,
in thecase of retraeflection, is restricted to small angles;

"Observation on halplang' means the halplane which originates on the
illumination axis and which contains the observation axis;

"Reference axis (symbol'Rjeans a designatedhé segment originating on
the centre of reference which is used to describe the angular position of the
retroreflective device;

"Entrance an'‘greans the angiebfiom theébiljJuminati axis to

the reference axiShe entrance angle isuglly not larger than 90but, for
completeness, its full range is defined as<® < 180 . In order to specify
the orientation in full, thi siaachgl e
b2;

"Rot ati on a n'geaas the snglimdicatihg tHé Jorientation of the
retroreflecting material by an appropriate symbol with respect to rotation
about the reference axis¢f retro-reflective materials or devices have a
marking (e.g.TOP), this marking governs the starting positibhe angt of
rotationUlies in the range180° <U<+180°.

"First axis (symbol I) means an axis through the centre of reference and
perpendicular to the observation kpléne;

S

"First component of t P'emeansitheraagirore angl e

the illumination axis to the plane containing the reference axis and the first
axis;

range-180 < ;€180;

"Second component of to meaesihe anglefoom angl e

the plane containing the observation f@Hne to theeference axis;
range-90 < ,H90;

"Second axis (symbol"2ineans an axis through the centre of reference and
perpendicular to both the firsaxis and the reference axi¥he positive
direction of the second axis lies in the observatmaif-plane when-
90 < b; <90 as shown irFigure A4-Il.

Definition of photometric terms

"Coefficient of retrereflection (symbol R') means the quotient of the
coefficient of luminous intensity R of a plane reteflecting surface andsit
area A

a,._Ra . N :
alRi=—0 The coefficient of retrgeflection R' is expresseith candelas
g -_—

perm? per Ix cdhn?Ax1)

c hai

(syn

(sy
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Q
O (Luminance / lllumination);

EI\ .A—

23.22. "Angular diameter of theretro e f | ect or s meahshe ahgley mb o | d
subtended by the greatest dimension of the #retflective sample, either at
the centre of the source of illumination or at the centre of the receiverl¥}

-
¢

= 0_);

2.3.2.3. "Angul ar di amet er o)f mears the angleabéendedeby ( sy mb o |
the greatest dimension of the receiver as
= »,$H50);

2.3.24. "Luminance factor (symbol Bineans the ratio of the luminance of the body

to the luminance of a perfect diffuser under identical conditiofis
illumination and observation;

2.3.25. "Colour of the reflected light of the devicEhe definitions of the colour of
the reflected light are given in Annex 4.

3. Administrative provisions
3.1 Application for approval
31.1 The applicationfor type approval shall be submitted by the holder of the

trade name or mark or by his duly accredited representdtivehall be
accompanied by:

3.11.1. In caseof retroreflectors

(@) At the choice of the applicanthe applicationfor type approvawill
specify that the device may be installed on a vehicle with different
inclinations of the reference axis in respect to the vehicle reference
planes and to the ground or, in the case of Classes IA, IB and IVA
retroreflectors, rotate around its reference saxthese different
conditions of installation shall be indited in the communication
form;

(b)  Drawings, in triplicate, in sufficient detail to permit identification of
the type, showing geometrically the position(s) in which the retro
reflecting devicemay be fitted to the vehicle, and in case of class IB
or llIB-retroreflectors details of installation. The drawings must show
the position intended for the approval number and class indicator in
relation to the circle of the approvalark;

(c) A brief desription giving the technical specifications of the materials
of which the retrereflecting optical unit isnade;

(d) Samples of the retreflecting device of a colour specified by the
manufacturer and, if necessary, the meangxafion; the number of
samples to be submitted is specified in Annex 4;

(e) If necessary, two samples in other colour(s) for simultaneous or
subsequent extension of the approval to devices in other colour(s)

)] In the case of devices of Class IVA: samples of riteo-reflecting
device and, if necessary, the means of fixation; the number of samples
to be submitted is specified in Annex 14.
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3.11.2.

3.11.3.

3.1.1.3.1.

3.11.4.

In case of advance warning triangles

(@)

(b)

(©
(d)

(e)

®

Dimensional drawings in triplicate in sufficient detail to permit
identification of the type;

A brief description giving the technical specifications of the materials
constituting the advance warning triangle and instructions for use;

A copy of the instructions on its assembly for use;

Four samples of the advance wam triangle and at least two
protective covers if the advance warning triangles are to be supplied
with protective covers;

Two samples of the fluorescent or fluorescent retftecting material

in which a 100 x 100 mm square can be inscribedvaridh are fully
representative of the material applied under the same conditions to the
same base material as used for the advance warning triangle;

In the case of a type of advars@rning triangle differing only by the
trade name or mark from a tygieat has already been approved it shall
be sufficient to submit:

(i) A declaration by the advaneearning triangle manufacturer that
the type submitted is identical (except in the trade name or mark)
with and has been produced by the same manufacturéheas,
type already approved, the latter being identified by its approval
number;

(i) Two samples bearing the new trade name or mark or equivalent
documentation.

In case of marking plates

(a)

(b)

(©)

(d)

Drawings, in triplicate, sufficiently detailed to peatridentification of

the type.The drawings shall show geometrically the position in which
the marking plate is to be fitted the rear end of the vehicl&€hey

shall also show the position intended for the approval number and the
identification symbol irrelation to the circle of the approval mark;

A brief description giving the technical specifications of the materials
of which the retrereflective areas are made;

A brief description giving the technical specifications of the materials
of which the fluorescent areas are made;

Samples of the retreflective and of the fluorescent areas; the
number of samples to be submitted is specified in Annex 4

The Type Approval Authority shall verify the existence of satisfactory
arrangementsof ensuring effective control of the conformity of production
before type approval is granted.

In case ofetroreflective marking material

(a)

Drawings, in triplicate, sufficiently detailed to peatridentification of

the type.The drawings shhlshow geometrically the orientation in
which the marking materialare to be fitted to a vehicl&hey shall

also show the position intended for the approval number and the
identification symbol in relation to the circle of the approval mark;
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(b) A brief description giving the technical specifications of the retro
reflective marking materials;

(c) Samples of the retreeflective marking materials, as specified in
Chapter %

(d) In the case of a type of reflective marking material differing only by
thetrade name or mark from a type that has already been approved it
shall be sufficient to submit

(i) A declaration by the reflective marking material manufacturer that
the type submitted is identical with (except in the trade name or
mark) and has been phaced by the same manufacturer as the type
already approved, the latter being identified by its approval code;

(i) Two samples bearing the new trade name or mark or equivalent

documentation
3.2 Approval
3.2.1. A separate approval is required for eastroreflective device listed in
paragraph 1
3.2.2. Notice of approval or of extension or refusal or withdrawal of approval of a

type of a device pursuant tbis Regulationshall be communicated to the
Contracting Parties to the 1988reement which applthis Regulation by
means of a form conforming to the modelAnnex 1

3.2.3. An approval number shall be assigned to each type approved and shall be
marked on the device following tliequirements oparagrapiB.3. The same
Contracting Party shall natssign the same number to another type of device
of the same functian

3.24. The symbols identifying theetroreflective deviceso be referenced in the
Annex 1 shall be as follosv

Tablel
List of retro -reflective devices and their symbols

Mi ni mu
Additional for Figure

Retroreflective devices Symbol symbol  |A241 (values if Paragraph
mm)
Retroreflector for motor vehicles A 4 517

(independent)

Rear retrereflector for motor vehicles
(combined with other signal lamps whi B 4 5.1.7.
are notwatertight)

Retroreflector for trailergindependent)|  1IIA 4 5.2.6.
Rear retrereflector for trailers (combing

with other signal lamps which are not 1B 4 5.2.6.
watertight)

Rear wideangle retro reflector IVA 4 5.3.7.

Conspicuitymarking (material for

contour/strip marking) ¢ 104R 12 54.

Conspicuity markingmaterial for

e . L D 104R 12 5.4.
distinctive markings/graphics intended
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Mi ni mu
Additional for Figure
symbol [A241 (values ir|
mm)

Retroreflective devices Symbol Paragraph

a limited area)

Conspicuity marking (material for
distinctive markings/graphics intended E 104R 12 5.4.
anextended area)

Conspicuity markingmaterials for
distinctive markings or graphics as bag
or background in printing process for
fully coloured logos and markings of
class "E" in use which fulfil the

requirements of class "D" materials)

D/E 104R 12 5.5.

Retroreflective materials for extremitie

marking of class F F 104R 12 5.6.

Retroreflective marking for long or
heavy vehicles (retroeflective and
fluorescent materials)

Marking plate of class 1 or class 2

RF 5 5.7.

Retroreflectivemarking for long or
heavy vehicles (retreeflective only
materials} Marking plate of class 3,
class 4 or class 5

RR 5 5.7.

Marking for slow moving vehicles (retr
reflective and fluorescent materiats) RF 5 5.7.
Marking plate of class 1

Marking forslow moving vehicles (retrg

reflective only materials) Marking plate| RR 5 5.8.

of class 2

Advance Warning Triangle - 27R 8 5

3.2.5. The @plicable change indexefor each device relating to the series of

amendmentshall be as follow(see alsgaragraph 6.1.1.)

Table2
Series of amendments and change index

Series of amendments to the Regulation 00

Change Index for the specific

Device device

Retroreflector for motor vehicles (independent)

Rear retrereflector for motor vehiclecombined witl
other signal lamps which are not watertight)

Retroreflector for trailers (independent)

Rear retrereflector for trailers (combined with othe
signal lamps which are not watertight)

Rear wideangle retro reflector

Conspicuity markingmaterial for contour/strip
marking)

ol o ol o o| o |o

Conspicuity markingmaterial for distinctive

10
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Series of amendments to the Regulation 00

Change Index for the specifig

Device .
device

markings/graphics intended for a limited area)

Conspicuity markingmaterial for distinctive
markings/graphics intended for an extended area

Conspicuity markingmaterials for distinctive
markings or graphics as base or background in
printing process for fully coloured logos and marki 0
of class "E" in use which fulfil the requirements of
class "D" materials)

Retroreflectivematerials for extremities marking o
class F

Retroreflective marking for long or heavy vehicles
(retroreflective and fluorescent materials) Marking 0
plate of class 1 or class 2

Retroreflective marking for long or heavy vehicles
(retroreflective only materials) Marking plate of clg 0
3, class 4 or class 5

Marking for slow moving vehicles (retneflective

and fluorescent materials) Marking plate of class ] 0
Marking for slow moving vehicles (retn@flective
only materials) 0
Marking plate of class 2
Advance Warning Triangle 0
3.3 Approval mark
3.3.1. General provisions
3.3.1.1. Every device belonging to an approved type shall compraespace of

sufficient size forthe Unique Identifier (Ul) as referred to in the 1958
Agreementind other markings aefined in paragraph 3.3.4.2. to 3.3.4.6. or,
if technically not possible, the approval makwith the additional symbols
and other markings as defined in paragrapB€ 2. to 3.3.4.6

3.3.1.2. Examples of the arrangement of the markings are shown in Atthex

3.3.2. The approval maikg shall consist of:

3.3.2.1 A circle surrounding the letter "E" followed by the distinguishing number of
the country which has grantegproval.

3.3.2.2. The approval number prescribed in paragrapt8322.

3.3.2.3. The symbols identifying theetroreflective device prescribed in paragraph
3.24.

3.3.2.4. The number ofthis Regulatiorfollowed by the letter 'R' and thevo digits
indicating the series of amendmerits force at the time of issue of the
approval.

3.3.2.5. The approvalnumber shall be placed close to the circleegcribed in
paragraph 3.3.2.1

3.3.3. The Unique Identifier mark shall follow the format in the example sholawbe

11
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Figure |

Unique identifier

2al3 al2

3.3.4.

3.3.4.1.

3.34.1.1.

3.3.4.1.2.

3.3.4.2.

3.343.

3.3.44.
3.345.

3.346.

3.34.7.

3.4.

3.4.1.

3.4.1.1.

(Ul )270650 1+

az8mm

Theabove Unique Identifier marked on thetro-reflectivedeviceshows that

the type concerned has been approved and that the relevant information on
that type appreal can be accessed on the UN secure internet datagase
using 270650 as the Unique Identifier.

Marking requirements
Retroreflectivedevices for approval

Comprisea space sufficient size for the approval marking or the Unique
Identifier.

In any case the approval marg or the Ungue Identifier shall be visible
when theretroreflective device is fitted on the vehicle or when a movable
part such as the hood or boot lid or a door is opened.

The approval maikg shall be placed on an inner or outer part (transparent or
nof) of the retroreflective device which cannot be separated from the
transparent part of thetro-reflectivedevice.

Bear the trade name or mark of the applicant; this marking shall be clearly
legible and indelible.

The symbols identifyig the retroreflective device, marking materials or
platesand the additional symbols prescribedablel.

The approval mark shall be clearly legible and indelible.

The approval number and the additional symbols shall be placed cltise to

circle prescribed in paragraph 2. 2.
to the right or left of that letter. Thiigits of the approval number shall be on
the same side of the letter AEO and

Examplesof the arrangement of vehicle and devices marking are shown in
Annex24.

The space for the approval mark shall be shown in the drawings mentioned in
paragraplt8.1.2.3;

Modifications of a type of retroeflectivedevice for motor vehicleand their
trailers and extension of approval

Every modfication of the typeof retroreflective deviceshall be notified to
the Type Approval Authority whiclapproved the typelhe Authority may
then either:

Consider that the modificatiormade are unlikely to have an appreciable
adverse effect, and that in any cale retroreflective of device still meets
the requirements; or

and

face

ei

t

h
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3.4.1.2.

3.4.2.

3.4.3.

35.

35.1.

351.1.

3512.

352

35.3.

353.1

3.54.

354.1.

354.2.

354.3.

Requirea further report from the technical service responsible for conducting
the tests.

Confirmation or refusal of approval, specifying thalterations,shall be
communicated by the procedure specified in paragra@8.1. to the
ContractingParties to thd 958 Agreement appiyng this Regulation

TheType Approval Authority issuing the exteos of approval shall assign a
series numbelor such an extension and inform thereof the other Contracting
Parties to the 19Agreement applying the UN Regulation under which the
approval has been granted by means of a communication form conforming to
the model in Annex 1.

Conformity of production

The conformity of production procedures shall comply with those set out in
the 1958 Agreement, Schedule 1 (E/ECE/TRANS/3R&Y.3, with the
following requirements:

Retroreflectors approved undéhis Regulatiorshall be so manufactured as
to conform to the type approved by meeting the requirements set forth in
paragraphs 4 and 5.

The minimum requirements for conformity of production control procedures
set forth in Annex shall be complid with.

The minimum requirements for sampling by an inspector set forth in ABinex
shall be complied with.

The authority which has granted type approval may at any time verify the
conformity control methods apptlein each production facili. The normal
frequency of these verifications shall be once every two years.

Advance warning triangles approved undéis Regulationshall be so
manufactured as to conform to the type approved uhikeRegulation

The compliance with the requements set forth in paragrapfhsand 5.shall
be verified as follows:

In addition the stability in time of the optical properties and colour of retro
reflecting optical units of advance warning triangles conforming to an
approved type and in use shall be verified. In the event of a systematic
deficiency of the retroeflecting opticalunits of advance warning triangles in
use and conforming to an approved type, approval may be withdrawn. A
"systematic deficiency" shall be deemed to exist where an approved type of
advance warning triangle fails to meet the requirementsuagraplb.

Any retroreflective marking material approved to this Regulation shall be so
manufactured as to conform to the type approved by meeting the
requirements set fortin paragraphg. and>5.

The conformity of production shall not be contestietthé mean value of the
photometric measurements of five specimens taken at random deviates
unfavourably by not more than p@r cent from the prescribed values given

in paragrapb4. and>5.

The conformity of production shall not be contestedhdf mean value of the
colorimetric properties of five specimens taken at random meet the
specifications oparagrapk 4. and>5. to be judged by visual inspection.

The authority which has granted type approval may at any time verify the

13
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3.6.

3.6.1.

3.6.2

3.7.

3.8.

4.1.

4.11.

4.12.

4.13.

4.14.

4.15.

4.1.6.

conformity control methods appliein each production facilityThe normal
frequency of these verifications shall be once every two years.

Penalties for nowwonformity of production

The approval granted may be withdrawn if the requiremeintsthis
Regulationare not met.

If a Contracting Party to th&958 Agreementwhich appliesthis Regulation
withdraws an approval it has previously granted, it shall forthwith so notify
the other Contracting Parties applyirigis Regulationby means of a
communication form conforming to the model in Annkx

Production definitively discontinued

If the holder of the approval completely ceasesntanufacturea retro
reflective device approved in accordance withis Regulation he shall so
inform theauthorty which granted the approvadlpon receiving the relevant
communication, that authority shall inform thereof the otlentracting
Parties to the Agreement applyinthis Regulation by means of a
communication form conforming to the model in Anriex

Name and address of theechnical Services responsible for conducting
approval tests; and diype Approval Authorities

The Contracting Parties to the Agreement applyinig Regulationshall
communicate to the United Nations secretariat the names and addresses of
the TechnicalServices responsible for conducting approval tests and of the
Type Approval Authoritieswhich grant approval and to which forms
certifying approval or extension oefusal or withdrawal of approvabr the
definitive discontinuation of productioissued in other countries, are to be
sent.

General requirements

For the purpose ofthis Regulation retroreflectors or retraeflective
materials or marking ptes or advance warning triangles for gereral
descriptionsherein afterreferred to a&retro-reflective devices.

Retroreflective devices shall be so constructed that they function
satisfactorily and will continue to do so in normal use. In addition, they must
not have any defect in design or manufacture that is detrimental to their
efficient operation or to their maintenance in good condition.

The components of retneflective devices or parts thereof shall not be
capable of being easily dismantled.

The means of attachment of the marking materials shall be durable and
stable.

The outer surface of retmeflective devices sHa be easy to clean. The
surface shall therefore not be rough and any protuberances they may exhibit
shall not prevent easy cleaning.

There shall be no access to the inner surface of therefteztors when in
normal use.

Retroreflective devices may consist of a combined reteflecting optical
unit and filter, which must be so designed that they cannot be separated under
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4.1.7.

4.2.
4.21.
4.2.1.1.

4212

4213

4.22.
42.2.1.

4.23.
423.1

423.11.

4.23.2.

normal conditions of use.

The colouring of retraeflecting optical units and filters by means of paint or
varnish is not permitted.

Colorimetric test conditions
Test procedure for night time colours:

These specifications shall apply only to clear, red or amdteoreflective
devices

For testing the colour ofthe retroreflective device this device shall be
illuminated by the CIE Standatuminant A with an angle of divergence of
1/3 degrees and an illumination angle of=V =0 degree, or, if this
produces a colourless surface reflection, an avigtet/- 5 degrees, H = 0
degee the trichromatic coordinates of the reflected luminous flux must be
within the limits according tothe specifications for the individual
retroreflecting device iparagrapht.

Clearretroreflective device must not produce a selective refiea, that is
to say, the trichromatic coordinates "x" and "y" of the standard illuminant
"A" used to illuminate theetro-reflective devicemust not undergo a change

of more than 0.01 after reflection by ttedro-reflective device
Test proceduréor day time colours:

For testing theday time colour of the materials,the material shall be
illuminated by the CIE Standard Illuminant D 65 at an angle of 45° to the
normal and viewed (measured) along the normal (45/0 geomeiity),a
spectrphotometer in accordance with the provisions of CIE document
No. 15 (1971)

The colour of the material in new condition shall be within the limits
accordingto the specificationgor the individualretroreflective devicein
paragraptb.9.5.2.2

Test procedure for fluorescent colours:
Colour of the fluorescent materiaithout retroereflection:

For testing the colour of the fluorescent material, the material shall be
illuminated by the CIE Standard llluminant D6BQ 116642:2007(E)/CIE

S 0142/E:200§ and measured with a spectrophotometer in accordance with
the provisions of Publication CIE 15:2004, Recommendations on
Colorimetry- Second Edition, either illuminated polychromatically or with a
monochromator providingtepwise the CIE Standard llluminant D 65@
116642:2007(E)/CIE S 014/E:200§ at an angle 45° to the normal and
viewed along the normal (geometry 45/0). In the latter case, the stepwise
resolution De« s hal | be not Aleemagively, sindildr a n 10
"illuminants" are allowed, if verified that the colorimetric measuring
procedure is of the same sufficient accuracy, meaninghbaguality of the
simulation of D65 shall be assessed by the method describdé®CGn
23603:2005(E)/CIE S 012/E:200%hespectral distribution of the illuminant
shall be in category BC (CIELAB) or better.

Theillumination shall be carried out at an angle 45° to the normal and viewed
along the normal (geometry 45/0).

Colour of the fluorescent material witbtro-reflection:

15
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4.23.2.1.

4.3.
4.3.1.

43.1.1.

4.3.1.2.

51

51.1.

16

For testing the colour of the fluorescent material, the material shall be
illuminated by theCIE Standard llluminant D69%0 116642:2007(E)/CIE

S 0142/E:2006§ and measured with a spectrophotometer in accordance with
the provisions of publication CIE 15:2004, Recommendations on
Colorimetry - second edition, either illuminated polychromatically or with a
monochromator providing stepwise the CIE Standard llluminant DIS6 (
116642:2007(E)/CIE S 014/E:200§. In the latter case, the stepwise
resoluton D&+ s hal | be not Alenmnagively, sinildéra n
“illuminants" are allowed, if verified that the colorimetric measuring
procedure is of the same sufficient accuracy, meaninghbaguality of the
simulation of D65shall be assessed by the method describedS®
23603:2005(E)/CIE S 012/E:200%he spectral distribution of the illuminant
shall be in category BC (CIELAB) or better. The illumination shall be carried
out circumferentialat an angle 45° to the normal amigwed along the
normal (annular geometry 45/0)ifcumferential/normal geometry), as
described in Anneg3.

Determination of the luminance factor:
For the determinatioaf the luminance factpthe sample shall be tested

(@) For retroreflective devices withoutluorescencgday time colours)
andfluorescenmaterial without retrereflectionwith the same method
as described iparagrapht.2.3.1,;

(b)  For fluorescent material with retreflectionwith the same method as
describel in paragrapht.2.3.2.

By puttingthe luminance L of the sample into relation to the luminanad L
a perfect diffuser whose luminance factos is known under identical
conditions of illumination and observation; the luminance fattof the
sample then results from the formula:

When the colour of the fluorescent material has been colorimetrically
determined incompliance withparagraph4.23., from the ratio of the
tristimulus value Y the sample and the tristimulus value of the perfect
diffuser Yo in this case it is:

Specific technical equirements
Technical requirements concerning reteflectors of theClasses |Aand IB
(Symbols"IA" and"IB")

Every retroreflector of the Classes IA and ,|Bvhen tested according to
paragraptb.1.7., shall meet:

(@ Thedimensions and shapequirementset forth in Annexs; and

(b) The photometricand colorimetric requirementsas specified in
paragrapk5.14.t05.1.5; and

10
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51.2.

51.3.
51.3.1

5132

513.21.
51.3.2.2.

5.1.4.
51.4.1.

51.4.2.

(¢)  The physical and mechanical requiremerstst forth in paragraph
5.1.7, depending on the nature of the materials and construction of the
retro-reflective device.

The applicant shall submit ten sampfes approvalwhich shall be tested in
the chronological ordeasindicated inparagraptb.1.7.

Test procedure.

After verification of the general specifications (paragraph and the
specifications oshape and dimensions (Annex 5), the ten samples shall be
subjected to the heat resistance test described in Ahaex at least one
hour after this test examined as to their colorimetric characteristics and CIL
in paragraphb.1.4, for an angle of diveence of 20" and an illumination
angle V = H = 0° or if necessary, in the posita@fined inparagrap!b.1.4.

The tworetroreflective device giving the minimum and maximum values
shall then be fully tested as shown in paragmitd.

These two sampleshall be kept by the laboratories for any further checks
which may be found necessary.

The other eight samples shall be divided into four groups of two:

First group: The two samples shall be subjected successively to the
water penetration test (Anné&j and then, if this test is
satisfactory, to the tests for resistance to fuels and
lubricants (Anne» and Annex 10

Second group: The two samples shall, if necessary, be subjected to the
corrosion tesin Annex 11, and then to the abrasive
strength testof the rear face of theetroreflective
deviceAnnex12.

Third group: The two samples shall be subjected to the test for
stability in time of the optical propées of retro
reflective deviceAnnex14.

Fourth group: The two samples shall be subjected the colour
fastness test (AnneXl).

After undergoing the tests referred to in the paragragh3.l, the retro-
reflective device in each group must have:

A colour which satisfies the conditions laid dowrparagraptb.1.5.

A CIL which satisfies the conditions laid down paragraph5.1.4. The
verification shall be performed only for an angle of divergence of 20' and an
illumination angle oV = H = 0°or, if necessaryin all positiors specified in
paragraptb.1.4.

Minimum values for the Cllvaluesof retro-reflection

When applying for approval, the applicant shall specify one or more or a
range of axis of reference, corresponding to the illumination angle
V =H =0°in the table of coefficients of luminsuntensity (CIL).

In the case where more than one or a range of different axis of reference are
specified by the manufacturer, the photometric measurements shall be
repeated making reference each time to a different axis of reference or to the
extreme axis of reference of the range specified by the manufacturer.

17
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5.1.4.3. For photometric measurements, only the illuminating surface defined by the
planes contiguous to the outermost parts of the optical system oftthe
reflective deviceas indiated by the manufacturer and contained within a
circle of 200 mm diameter for Class IA or IB shall be considered, and the
illuminating surface itself shall be limited to 100 Zthough the surfaces of
the retrereflecting optical units need not necessasdlyain this area. The
manufacturer shall specify the perimeter of the area to be used.
5.14.4. ClasslA and Class IB
5.14.4.1. When measured as describedaragraph 3of Annex 4 the CIL values for
redretroreflectivedevices must be equab or greater thathose inTable3,
expressed in millicandelas per lux, for the angles of divergence and
illumination shown.
Table3
Requirementsfor CIL values (Classes IA and IB)
[med.IxY
Class Angle of divergence lllumination angles (in degrees)
U
Vertical \% 0° +10° +5°
Horizontal H 0° 0° +20°
IA, IB 20 300 200 100
1°30' 5 2.8 2.5
CIL values lower than those shown in the last two columrisabfe3 are not
permissible within the solid angle having tbentre of referencas its apex
and bounded by the planes intersecting along the following lines:
(V =210°, H=0°) (V =15° H=120°).
5.14.4.2. CIL values for amberetroreflective device in Class IA or IB must be at
least equal to those Trable3 multiplied by thecoefficient 2.5
5.14.4.3. CIL values for colourleseetroreflective devics in Class IA or IB must be at
least equal to those fable3 multiplied by the coefficient 4.
5.145. However, in the case wheraetroreflective deviceof Class IA or Class IB,
is intended to be installed with its H plane at a mounting height less than 750
mm above the ground, the CIL values are verified only up to an angle of 5°
downwards.
5.1.5. Colour of the reflected light of the device
5.1.5.1. Thetesting of the colour foretroreflective devicgnight-time colour) shall
be carried out accordirtg the method described jparagrapt.2.1.
5.1.5.2. The trichromatic coordinates of the reflected luminofisx must be within
the limits for thenight-time colours red, amber or white as specified in UN
RegulationNo. 48.
5.1.6. Special specification (tests) / resistance to external agents

Depending on the nature of the materials of whichréfie-reflective devics

and, in particular, their optt units, are made, th@ype Approval
Authorities may authorize laboratories to omit certain unnecessary tests,
subject to the express reservation that such omission must be mentioned
under "Remarks" on the form notifying approval.
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This is only applicabléo test described irAnnexesl11, 12, 14 and 21

5.17. Chronological order of tests
Table4
Chronological order of tests(Classes IA and IB)
Number Tests Samples
of annex

- General specifications: visual inspection | X | X | X | X | X | X | X | X | X | X
5 Shapes and dimensions: visual inspectior] X | X | X | X | X | X | X | X | X | X
10 Heat: 48 h at 65° + 2°C X | X[ X | X[ X|X|[X]|X]|X]|X
Visual inspection for distortion X | X | X | X | X | X |Xx|Xx]|x]|Xx
6 Colorimetry: visual inspection X | X | X | X | X|X|X]|X]|X]X
Trichromatic coordinates in case of doubt X
Photometry: limitedto 200andV=H=0°| x | X | X | X | X | X | X | X | X | X
Complete photometry X | X
Water: 10 min. in normal position X | X
10 min. in inverted position X | X
visual inspection X | X
4 Colorimetry: visualinspection X | x
Trichromatic coordinates in case of doubt X | X
Photometry: limited to 20" and V =H =0° X | x
Motor fuels: 5 min. X | x
visual inspection X | X
8 Oils: 5 min. X | X
visual inspection X | x
4 Colorimetry:visual inspection
Trichromatic coordinates in case of doubt X | X
Photometry: limited to 20' and V =H =0° X | X

Corrosion: 24 hours
2 hours interval
24 hours
visual inspection

8 Rear face: 1 min.
visual inspection

4 Colorimetry: visual inspection
Trichromatic coordinates in case of doubt

Photometry: limited to 20' and V =H =0°
Stability in time

Colorimetry: Visual inspection or
trichromatic coordinates

4 Photometry: limited to 20' and V =H =0°
11 Colourfastness

X | X X | X X | X X X X
X | X X | X X | X X X X

4 Colorimetry: Visual inspection or
trichromatic coordinates

19
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Number
of annex

Tests Samples

Photometry: limited to 20' and V =H =0°

Deposit of samples with authority X | X

52

5.2.1.

52.2.

5221.

5222

Technical requirements concerning reteflectors of the ClassddA and
1B (Symbols"llIA" and"llIB")

Every retroreflector of the Classes IlIA and Il|Bvhen tested according to
paragraptb.2.6., shall meet:

(@) The dimensions and shapeuw@ements set forth in Annex and

(b) The phdometric and colorimetric requirements as specified in
paragraph®.2.3. t05.24.; and

(c) The physical and mechanical requirements set fortlparagraph
5.2.6, depending on the nature of the materials and construction of the
retro-reflective device

The applicant shall submit ten samples for approval which shall be tested in
the chronological order as indicatedparagraptv.2.6

After verification of the general specificationpafagraph4.) and the
specifications of shape and dimensions (Annex 5), the ten samples shall be
subjected to the heat resistance test described in Aheexi at least one
hour after this test examined as toitredlorimetric characteristics and CIL

in paragraphb.2.3., for an angle of divergence of 20' and an illumination
angle V = H = 0° or if necessary, in the position defineplaragraptv.2.2.2

The tworetroreflective device giving the minimum and maxum values
shall then be fully tested as showmpiragraptb.2.4.

These two samples shall be kept by the laboratories for any further checks
which may be found necessary.

The other eight samples shall be divided into four groups of two:

First group: The two samples shall be subjected successively to the
water penetration tesAfinex 7)and then, if this test is
satisfactory, to the tests for resistance to fuels and
lubricants(Annex 9and Annex 10).

Second group: The two samples shall, if necessary,shjected to the
corrosion test in Annex 11, and then to the abrasive
strength test of the rear face of thetroreflective
deviceAnnex 12.

Third group: The two samples shall be subjected to the test for
stability in time of the optical properties oktro
reflective deviceAnnex 14.

Fourth group: The two samples shall be subjected to the celour
fastness test (Annex 21).

After undergoing the tests referred to in the paraga@h2.1, the retro-
reflective device in each group must have:
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5.2.2.2.1. acolour which satisfies the conditions laid dowrparagraptb.2.4.;

5.22.2.2. a CIL which satisfies the conditions laid down paragraph5.2.3. The
verification shall be performed only for an angle of divergence of 20' and an
illumination angle of V = H = 0° or, if necessary, in all positions specified in
paragraptb.2.3.

5.23. Minimum values for the Cllvaluesof retro-reflection:

5.23.1. When measured as described Annex 4 the CIL values for redetro
reflective device must be equal tor greater thathose inTable5, expressed
in millicandelas per lux, for the angles of divergence and illumination shown.

Table5

Requirements for CIL values (Classes IlIA and 111B)

[med.IxY

Class Angle of divergence lllumination angles (in degrees)
U
Vertical \ 0° +10° +5°
Horizontal H 0° 0° +20°
1A, 111B 20 450 200 150
1°30 12 8 8

CIL values lower than those shown in the last two columisabfe5 are not
permissible within the solid angle having tbentre of referencas its apex
and bounded by the planes intersecting along the following lines:
(V =210°, H=0°) (V = 15° H =120°).

5.23.2. However, in the case whereretroreflective deviceof Class IlIA or Class
I1IB is intended to be installed with its H plane at a mounting height less than
750 mm above the ground, the CIL values are verified only up to an angle of
5° dowrwards.

5.24. Colour of the reflected light of the device

5.24.1. The testing of the colour faetroreflective devicgnight-time colour) shall
be carried out according to the method described in paragraph

5.24.2. The trichromatic coordinates of the reflected luminous flux must be within
the limits for thenight-time colour red as specified ibIN RegulationNo. 48.

5.25. Special specification (tests) / resistance to external agents
Depending on the nature of the temgals of which theetro-reflective device
and, in particular, their optical units, are made, fhgpe Approval
Authorities may authorizéaboratories to omit certain unnecessary tests,
subject to the express reservation that such omission must beomeenti
under "Remarks" on the form notifying approval.
Thisis only applicable to tests describeddinnexes 11, 12, 14 and 21

5.26. Chronological order of tests

21
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Table6

Chronological order of tests (Classes IIIA and 11IB)

Number of
annex

Tests

Samples

General specifications: visual inspection

Shapes and dimensions: visual inspectio

10

Heat: 48 h at 65° + 2°C
Visual inspection for distortion

Colorimetry: visual inspection
Trichromatic coordinates in case of doub!

X | X X | X [ X

X | X X | X [ X

X | X X | X [ X

X | X X | X [ X
X | X X | X [ X

X | X X | X [ X

X | X X | X [ X

X | X X | X [ X

X | X X | X [ X

Photometry: limited to 20' and V =H = 0°

X | X X | X X | X | X

x

x

x

x

Complete photometry

Water: 10 min. in normal position
10 min. in invertegbosition

visual inspection

Colorimetry: visual inspection
Trichromatic coordinates in case of doub

Photometry: limited to 20" and V = H = 0°

Motor fuels: 5 min.
visual inspection

QOils: 5 min.
visual inspection

X X | X X | X | X X |X X X

X X | X X | X [ X X | X X X

Colorimetry: visual inspection
Trichromatic coordinates in case of doub

x

x

Photometry: limited to 20' and V = H = 0°

24 hours

2 hours interval
24 hours

visual inspection

Corrosion:

Rear face: 1 min.
visual inspection

Colorimetry: visual inspection
Trichromatic coordinates in case of doub|

Photometry: limited to 20' and V =H = 0°

X | X X | X X | X X X X
X | X X | X X | X X X X

Stability in time

Colorimetry: Visual inspection or
trichromatic coordinates

Photometry: limited to 20' and V = H = 0°

11

Colourfastness

Colorimetry: Visual inspection or
trichromatic coordinates

Photometry: limited to 20' and V = H = 0°

Deposit of samples with authority




ECE/TRANS/WP.29/2018159Rev.1

5.3.

5.3.1.

5.3.2.

5.3.3.
5.33.1.

533.2.

5.33.3.

5.33.3.1.

5.33.3.2.

5334.

Technical requirements concerning reteflectors of the Class IVA
(SymbolsAi | VAO)

Every retroreflector of the Class IVAwhen tested according fmragraph
5.3.7, shall meet:

(@) The dimensions and shape reqmiemts set forth in Annex and

(b) The photometric and colorimetric requirements as specified in
paragraph®.3.4. t05.3.5; and

(c) The physical and mechanical requirements set fortlparagraph
5.3.7, depending on the nature of the materials and construction of the
retro-reflectivedevices.

The appli@ant shall submit ten samples for approval which shall be tested in
the chrontogical order as indicated jparagrapltb.3.7.

Test procedure

After verification of the specifications in paragraphandthe specifications

of shape and dimensioits Annex 5 the ten samples shall be subjected to the
heat resistance tesh Annex 6 and one hour minimum after this test
examined as to their colorimetric characteristics and i@lharagraptb.3.4.

for an angle of divergence of 20" and an illumination angtet/= 0° or, if
necessary, in the positions defined in Annex 7. Tle retroreflective
devices giving the minimum and maximum values shall then be fully tested
as shown inparagraph5.3.4 Thesetwo samples shall be kept by the
laboratories for any further checks which may be found necessary.

Four samples oudf the remaining eight samples shall be selected at random
and divided into two groups of two in each group.

First group:

The two samples shall be subjected successively to ther-penetration
resistance test iAnnex 7 and then, if this test is satistacy, to the tests for
resistancéo fuels and lubricating oils iAnnex9 and Annex 10

Second group:

The two samples shall, if relevant, be subjected to the corrosion test
(Annex11), and then to the abrasketrength test of the rear face of tie¢ro-
reflective devicein Annex 12, thesetwo samples shall also be subjected to
the impact tesin Annex 18.

After undergoing the tests referred to in the above paragrapiretie
reflective device in each group must have:

A colour whichsatisfies the conditions laid down paragraph 2.1 This
shall beverified by a qualitative method and, in case of doubt, confirmed by
a quantitative method;

A CIL which satisfies the conditions laid downparagraptb.3.4.

Verification shall be performed only for an angle of divergence of 20" and an
illumination angle of V = H = 0° or, if necessary, in the positions specified in
paragraptb.3.4.

The four remaining samples can be utilized, if necessary, for any other
purpose.

23
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Every Retrereflectors of the Classes IVA shall meet the requirements of the
checks and tests describecperagraptb.3.4.

5.3.4. Minimum values for the Cllvaluesof retro-reflection
5.34.1. Whenmeasured as describedparagraph 3of Annex4, for devices of Class
IVA the CIL values must be equab or greater tharthose inTable 7,
expressed in millicandelas per lux, for the angles of divergence and
illumination shown.
Table7
Requirements for CIL values (Class IVA)
[med.IxY
Colour Angleof lllumination angles (in degrees)
divergence
U
Vertical V 0 +10 0 0 0 0
Horizontal H 0 0 +20 +30 +40 +50
White 20' 1,800 | 1,200 | 610 540 470 400
1°30' 34 24 15 15 15 15
Amber 20 1,125 750 380 335 290 250
1°30° 21 15 10 10 10 10
Red 20 450 300 150 135 115 100
1°30° 9 6 4 4 4 4
5.34.2. However, in the case whereetroreflective deviceof Class IVA is intended
to be installed with its H plane at a mounting height less than 750 mm above
the ground, the CIL values are verified only up to an angle of 5° downwards.
5.35. Colour of the reflected light of the device
5.35.1. The testing othe colour forretro-reflective devicgnighttime colour) shall
be carried out according to the method described in paragraph
5.35.2. The trichromatic coordinates of the reflected luminous flux must be within
the limits for the nightime colours red, amber or white as specified in UN
RegulationNo. 48.
5.3.6. Special specification (tests) / resistance to external agents
Depending on the nature of the materials of whichrétie-reflective device
and, in particular, their optical units, are made, fhgpe Approval
Authorities may authorize laboratories to omit certain unnecessary tests,
subject to the express reservatithrat such omission must be mentioned
under "Remarks" on the form notifying approval.
This is only applicable to tests described in AresiXl, 12, 14 and 21.
5.3.7. Chronological order of tests for Class IVA

24
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Table8
Chronological order of tests (ClassVA)
Number Tests Samples
of annex
a|/blc|d|e|f|g]|h]|i j
- General specifications: visual inspection | X | X | X | X | X | X | X | X | X | X
5 Shape and dimensions: visual inspection| X | X | X | X | X | X | X | X | X | X
10 Heat: 48 h at 65 °C + 2°C X | X[ X[ X |X|X|X|X]|Xx]|X
Visual inspection for distortion X[ X | X | X | X|X|X|X|Xx]|X
6 Colorimetry: visual inspection X[ X | X | X | X|X|X]|X|X]|X
Trichromatic coordinates in case of doub X
Photometry: limitedto 20'andV=H=0° x | X | X | X | X | X | X | X | X | X
Complete photometry X | X
Water: 10 min. innormal position X | X
10 min. in inverted position X | X
visual inspection X | X
8 Motor fuels: 5 min. X | X
visual inspection X | X
8 QOils: 5 min. X | X
visual inspection X | X
6 Colorimetry: visual inspection X | X
Trichromaticcoordinates in case of doubt X | X
Photometry: limited to 20' and V =H =0° X | X
Corrosion: 24 hours X | X
2 hours' interval X | X
24 hours X | X
visual inspection X | X
8 Rear face: 1 min. X | X
visual inspection X | X
13 Impact X | X
visual inspection X | X
6 Colorimetry: visual inspection X | X
Trichromatic coordinates in case of doub X | X
7 Photometry: limited to 20" and V =H =0° X | X
14 Deposit of samples with Authority X | X
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5.4

54.1.

54.2.

54.2.1.

54.2.2.

54.23.

54.3.

54.3.1.

54.3.2.

54.3.3.

5.4.4.

544.1.

Technical requirements concerning reteflective markings of the Class€s
(Symbolsii C 0 )

Everyretroreflective markingof the ClasesC and F when tested according
to paragrapt.4.3., shall meet:
(@) The dimensions and shape requirementsostt in Annex 5;and

(b) The photometric and colorimetric requirements as specified in
paragraph®.4.4. t05.4.5; and

(c) The physical and mechanical requirements set fortlparagraph
5.4.6.

The appicant shall submit for approval:

Five test samples representing strips of redftective marking materials
have to be sumitted to the test laboratorin the case of strips, at least a
length of 3 meters shall be provided

The test samples shall be representative of curreduption, manufactured
in accordance with the recommendation of the manufacturer(s) of the retro
reflective marking materialg.

The sampleshall be tested in the chronological order indicatepairagraph
54.7.

Test procedure

After verification of the general specifications (paragrdphand the

specifications of shape and dimensions (AnBgxthe samples shall be
subjected to the heat resistance test described in Ararior to the tests
described inthe paragrapb5.4.4.and5.4.5.

The photometric and colorimetric measurersemay be made on five
samplesThe mean values should be taken.

For other tests, samples which have not undergone any testing should be
used.

Minimum values for the coeffient ofretro-reflection
Photometric specifications for retreflective markings of ClassC and F

When measured as describeddimex 4 the coefficient of retroeflection R'
in candelagper nt per lux (cd/M/lux) of the retrereflective areas in new
condition shall be at least as indicatedTlible 9 for white, yellow and red
materials.

1 Test samples of retneflective marking materials shall be applied to edged and degreased aluminium
panels of 2 mm thickness and shall be conditioned for 24 hour§@t23C at 50% + 5% relative
humidity prior to testing.
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Table9
Minimum values for the Coefficient of Retror e f | ect i on RO
[c d AArYx
Observation
angle U Entranc ¢
U=0.33 b1 0 0 0 0 0
b2 5 20 30 40 60
Colour
Yellow 300 . 130 75 10
White 450 -- 200 95 16
Red 120 60 30 10 -
5.45. Colour ofthe reflectedight of the device
5.45.1. The testing of the colour faetroreflective devicgnighttime colour) shall
be carried out according to the method described in paragragh
5.45.2. The trichromatic coordinates of the reflected luminous flux must be within
the limits for the nightime colours red, amber or white as specified in UN
RegulationNo. 48.
5.4.6. Special specification (tests) / resistance to external agents
5.4.6.1. Resistance to weathering
A specimen shall be subjected to a test as specified in Annex 13
5.4.62. Resistance to corrosion
A specimen of the sample unit shall be subjedtea@ test as specified in
Annex 11.
5.4.63. Resistance to fuels
A specimen of the sample unit shall be subjected to a test as specified in
Annex 9.
5.4.64. Resistance to heat
A specimen of the sample arshall be subjected to a test as specified in
Annex 6.
5.4.65. Resistance to cleaning
A specimen of the sample unit shall be subjected to a test as specified in
Annex 15.
5.4.66. Stability of photometric properties
A specimen of the sample unit shalk subjected to a test as specified in
Annex 14.
5.4.67. Resistance to penetration of water
A specimen of the sample unit shall be subjected to a test as specified in
Annex 7.
5.4.68. Bonding strength (in the case of adhesive materials)

A specimen of ie sample unit shall be subjected to a test as specified in
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5.4.69.

54.7.

54.7.1.

54.7.2.

54.7.3.

54.7.4.

5.4.7.5.

5.5

55.1.

55.2.

55.2.1.

55.2.2.

55.3.

554.

Annex 16.
Flexing

For samples that are to be adhered to a flexible substrate, i.e. tarpaulin, the
following shall apply:

A specimen of the sample unit shall be subjected to a testeatfies in
Annex 17.

Chronological order of tests for ClasC

Five test samples representing either strips or planes of-reflective
marking materials have to bebsuitted to the test laboratorin the case of
strips, at least a length of 3 meters shall be provided; in the case of planes, at
least a surface &&00 mmx 500 mm shall be provided.

The test samples shall be representative of current production, manufactured
in accordance with the recommendation of the manufacturer(s) of the retro
reflective marking material$.

After verification of the generakpecifications (paragrapit.) and the
specifications of shape and dimensions (AnBgxthe samples shall be
subjected to the heat resistance test described in Ajyrnaor to the tests
described in Annexes 6 aiid

The photometric and colorimetric measurements may be madéve
samples. The mean values should be taken.

For other tests, samples which have not undergone any testing should be
used.

technical requirements concernirggro-reflective markings of the Classd3
andE (Symbolsii Dandfi E 0 )

Every retrereflective marking of the Classes D and shall meetthe
photometric requirements as specifiegparagraph$.5.3 t05.5.5.

The applicant shall submit for approval

Five test samples representing planes of netfilective making materials
have to be suhitted to the test laboratoryn the case of planes, at least a
surface 0600mm x 500 mm shall be provided.

The test samples shall be representative of current production, manufactured
in accordance with the reconemdation of the manufacturer(s) of the retro
reflective marking material$.

Test procedure

Every retroreflective markingof the Class D and E shall meet the
requirements of the checksd tests described paragraptb.5.5

Maximum values for the coefficient of retreflection

2 Test samples of retreflective marking materials shall be applied to edged and degreased aluminium
panels of 2 mm thickness@shall be conditioned for 24 hours af@3t 2°C at 50% + 5% relative
humidity prior to testing.

3 Test samples of retreflective marking materials shall be applied to edged and degreased aluminium
panels of 2 mm thickness and shall be conditione@4drours at 23°C + 2°C at 50% + 5% relative
humidity prior to testing.
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Table 10

Photometric specifications for distinctive markings or graphicsof classD and classE: Maximum
values for the Coefficient of Retrereflection R' [c d A m!] x

Observation Entrane Angl e b (A)
b1 0 0 0 0
U = @033 b2 5 30 40 60
Any colour classD 150 65 37 5
classk 50 22 12 1

555.
555.1.

5.5.6.
55.6.1.

5.5.6.2.

55.63.

5.6.

56.1.

5.6.2.

Note If the sample is provided with an orientation mark, the specified
values must only bebserved for this orientatiom.est samplesvithout an
orientation mark must be observed for values aarfid 90 orientations as
well.

Colour of the reflected light of the device

Retroreflective distinctive markings and/or graphics (classes D and E) may
be of any colour.

Special specification (tests) / resistance to external agents

Advertising, consisting of retreeflective logos, distinctive markings or
letters/characters has to be decent.

It may consist of marking materials of class "D" if the total regftective
area is less than 22nif the total retrereflective area is at least 2wlass "E"
shall be used.

White retrareflective marking materials intended as base or background in
printing processes for fully coloured logos and markings a§<I'E" in use,
without unprinted blank areas, may fulfil the requirement#\mmex 7 for
class "D" materials and must be marked as class "D/E".

Depending on the nature of retreflective marking material, th@ype
Approval Authorities mayauthorize laboratories to omit certain unnecessary
tests, provided that such omission is mentioned under "Remarks" on the form
notifying approval.

Technical requirements concerning reteflective markings of the Class F
and retrereflective markingplates of the Class

Everyretroreflective markingof the Class F shall meet the requirements of
the checks and tests for:

(@) Dimensions and shape set forthAinnex 5;and

(b) The photometric and colorimetricequirementsas specified in
paragaph5.6.4. t05.6.5.; and

(c) The physical and mechanical requirements set fortlparagraph

55.6.

The applicant shall submit for approval

4 Nothing inthis Regulatiorshall preclude the national authorities to prohibit the use of-refiective
advertising, logos, distinctive markings, letters/characters as defipedagraph 2.1.2.

29



ECE/TRANS/WP.29/2018/158Rev.1

30

O 0.25.

5.6.2.1. Five test samples representing either strips or planes of-reglegtive
marking maerials tothe test laboratoryn the case of strips, at least a length
of 3 meters shall be provided; in the case of planes, at least a surface
of 500mm x 500 mm shall be provided.
5.6.2.2. The test samples shall be representative of current production, manedactur
in accordance with the recommendation of the manufacturer(s) of the retro
reflective marking materiafs.
The sampleshall be tested in the chronological order indicategaragraph
5.6.4
5.6.3. Test procedure
Every retroreflective markingof the Chss F and Class &hall meet the
requirements of the checks and tests describpdragraph®.6.4. andb.6.5.
5.6.4. Minimum values for the€oefficientof Retrareflection
Photometricspecifications for retroeflective markings of Class F:
Table 1.
Minimum values for the Coefficient of Retrereflection R’
[ ¢ d?A Hix
Observation
angle U Entrance Angle b [ U]
U=0.33 b1 0 0 0 0
b2 20 30 40 60
Colour
White 450 -- 200 95 16
Red 120 60 30 10 --
5.65. Colour of the reflected light of the device
5.6.5.1. The testing of thelay-time colourfor retro-reflective deviceshall be carried
out accordindo the method described fraragraptt.2.2
5.6.5.2. The trichromatic coordinates of the reflected luminous flux must be within
the limits for thered and whitecolour as specified itUN Regulation No. 48.
5.65.3. Luminancefactordetermined in accordance peragraph4.2.2:
forred colour shall be O 0.03,
for white colour, it shall be
5.6.6. Special specification (tests) / resistance to external agents
5.6.6.1. Resistance to weathering
A specimen shall be subjected to a test as specified in Annex 13
5.6.62. Resistance to corrosion

A specimen of thesample unit shall be subjected to a test as specified in

Test samples of retneflective marking materials shall be applied to edged and degreased aluminium
panels of 2 mm thickness and shall be conditioned for 24 hours at 23°C + 2°C at 50% + 5% relative
humidity prior to testing.
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5.6.63.

5.6.64.

5.6.65.

5.66.6.

5.66.7.

5.66.8.

5.66.9.

56.7.

5.7.

57.1.

5.7.2.
57.2.1.

5.7.2.2.

Annex 11.
Resistance to fuels

A specimen of the sample unit shall be subjected to a test as specified in
Annex 9.

Resistance to heat

A specimen of the sample unit shall be subjedtea@ test as specified in
Annex 6.

Resistance to cleaning

A specimen of the sample unit shall be subjected to a test as specified in
Annex 15.

Stability of photometric properties

A specimen of the sample unit shall be subjected tostaa® specified in
Annex 14.

Resistance to penetration of water

A specimen of the sample unit shall be subjected to a test as specified in
Annex 7.

Bonding strength (in the case of adhesive materials)

A specimen of the sample unit shak subjected to a test as specified in
Annex 16.

Flexing

For samples that are to be adhered to a flexible substrate, i.e. tarpaulin, the
following shall apply:

A specimen of the sample unit shall be subjected to a test as specified in
Annex 17.

In the case of Plates:

A specimen of a complete plate shall be subjected to a ta#gidity of
plates as specified in Annex.19

Technical requirements concernimgtro-reflective markings plates of the
Classed, 2, 3and4

Retroreflective devics of this paragraph must satisfy the conditions as to
(a) Dimensions and shape set forth in AnneXeand

(b)  The photometric and colorimetric as specifiehbaragrapkh 5.7.4. to
5.7.5.and

(c) The physical and mechanical requirements set fortlparagraph
5.7.6

The applicant shall submit for approval

Two large chevron rear marking plates for trucks and tractors and two large
rear marking plates for trailers and semnailers (or their equivalent in
smaller plates) shall be supplied to the testing laboratory for the various tests
to be condu@d.

The test samples shall be representative of current production, fabricated in
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accordance with the recommendations of the manufacturer of the retro
reflective or retrereflective/fluorescent materials or devices.

The sampleshall be tested ithe chronological order indicated jraragraph
5.7.3

5.7.3. Test procedure

Every retroreflective marking Plate of thelasses 1, 2, 3 and 4hall meet
the requirements of the checks and tests described in Annex 5.

5.7.3.1. After verification of the general specificationspéragraph3.) and the
specifications of shape and dimensions (Annex 5) the samples shall be
subjected to the heat resistance test described in Anneth tRegulation
prior to the tests described in AnneXes and 8.

5.7.3.2. The photometric and colorimetric measurements may be made on the same
sample.

5.7.3.3. For the other tests, samples which have not undergone any testing should be
used.

5.7.4. Maximum values for the coefficient of retreflection

Photometric specifideons for retro-reflective markingsplates of theclasses
1,2,3and 4:

Devices of class 1 and class 2 shall fulfil the value$ahle 2 for yellow
only,

devices of class 3 and class 4 thos&able 2 for yellow and red

Table 2
Minimum values for the Coefficient of Retro-reflection R’
[c d AArtYx
Observatio Entrance angle b
[ [’]
20' 32 0° 0° 0° 0°
% 5° 30° 40° 60°
Coefficient R' Colour: Yellow 300 180 75 10
[cdA®A] x Colour:Red 10 7 4 -
5.74.1. Thesubtended angle at the sample shall not be larger than 80'.
5.75. Colour of the reflected light of the device
5.7.5.1. The testing of the colour faetroreflective devicgnight-time colour) shall

be carried out according to the method described iagraph4.2.1

5.7.5.1.1. The trichromatic coordinates of the reflected luminous flux must be within
the limits for thered and yellowcolour as specified in UN Regulation No. 48

5.7.52. The testing of the colour faetroreflective devicgday-time colour) shall be
carried out according to the method described in paragr2ph

57.52.1. The trichromatic coordinates of the reflected luminous flux must be within
the limits forthe red and yellow colour as specifieddi Regulation No. 8.

5.7.52.2. Luminancefactorb determined in accordance paragrapht.2.3.:
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(a)  Forred colour shall b©0.03.
(b)  Foryellow colour, it shall b&0.16.

5.7.5.3. The testing of the colour for the fluorescent material shall be carried out
according to the method described in paragragis.

5.7.5.3.1. The trichromatic coordinates of the reflected luminous flux must be within
the limits for the colour as specified UN RegulationNo. 48

57532. Luminance factor b de tragmaphd.2Befdr redn accor danc
colour shall be O 0. 3.

5754 Rear marking plates for heavy vehicles and trailers shall be composed of
yellow retroreflective and redetroreflective or yellow retreeflective and
red fluorescent materials or devices.

5.7.6. Special specification (tests) / resistance to external agents
5.7.6.1. Resistanc¢o weathering

A specimen shall be subjected to a test as specified in Annex 13
5.7.62. Resistance to corrosion

A specimen of the sample unit shall be subjected to a test as specified in
Annex 11.

5.7.63. Resistance to fuels

A specimen of the sample unit shall be subjected to a test as specified in
Annex 9.

5.7.64. Resistance theat

A specimen of the sample unit shall be subjected to a test as specified in
Annex 6.

5.7.65. Resistance to cleaning

A specimen of the sample unit shall be subjected to a test as specified in
Annex 15.

5.7.66. Stability of photometric properties

A specimen of the sample unit shall be subjected to a test as specified in
Annex 14.

5.7.6.7. Resistance to penetration of water

A specimen of the sample unit shall be subjected to a test as specified in
Annex 7.

5.7.68. Bonding strength (in the case adhesive materials)

A specimen of the sample unit shall be subjected to a test as specified in
Annex 16.

5.7.69. Flexing

5.7.69.1. For samples that are to be adhered to a flexible substrate, i.e. tarpaulin, the
following shall apply:

A specimen of thesample unit shall be subjected to a test as specified in
Annex 17.
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5.7.6.9.2.

5717.
5.7.7.1.

5.7.7.2.

5.7.7.3.

57.7.4.

5.7.7.5.

5.8.

5.8.1.

5.8.2.
5.8.2.1.

5.8.2.2.

5.8.3.
5.8.3.1.

5.8.32.

In the case of Plates:

A specimen of a complete plate shall be subjected to a teagidity of
plates as specified in Annex.19

Chronological order of tests for Class1,2,3 and 4

Two large chevron rear marking plates for trucks and tractors and two large
rear marking plates for trailerand semtrailers (or their equivalent in
smaller plates) shall be supplied to the testing laboratory for the various tests
to be conducted.

The test samples shall be representative of current production, fabricated in
accordance with the recomnuations of the manufacturer of the retro
reflective or retrereflective/fluorescent materials or devices.

After verification of the general specifications (paragraph and the
specifications of shape and dimensions (Annex 5) the samples shall be
subjected to the heat resistance test described in ABngoior to the tests
described irparagraphs 4.2. and 5.7.4. and in Annex 8.

The photometric and colorimetric measurements may be made on the same
sample.

For the other tests, sates which have not undergone any testing should be
used.

Technical requirements concerningtro-reflective marking plates for slow
moving vehicles of th€lassSMV

Retroreflective devics of this paragraph must satisfy the conditions as to
(a) Dimensions angdhape set forth in Annéx and

(b)  The photometric and colorimetric as specifiedparagraph 5.8.4.t0
5.8.5;and

(c) The physical and mechanical requirements set forth in Annexes 9, 11
to 13.

The applicant shall submit fopprovat

Five SMV rear marking plates shall be supplied to the testing laboratory for
the various tests to be conducted.

The test samples shall be representative of current production, fabricated in
accordance with the recommendationstiod manufacturer(s) of the retro
reflective and fluorescent (class 1) or reteflective only (class 2).

The sampleshall be tested in the chronological order indicateplairagraph
5.8.7.

Test procedure

Every Retrereflective MarkingPlate for slow moving vehiclesf the Class
SMV shall meet the requirements of the checks and tests described in
Annex5.

After verification of the general specificationparagraph4.) and the
specifications of shape and dimensions (Annex 5) famples shall be
subjected to the heat resistance test described in Ahteihis Regulation
prior to the tests deribed inparagraphs 4.2. and 5.7.4. andAnnex 8.The

fifth sample shall be kept for reference purposes during the test procedures.
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5.8.33. The photometric and colorimetric measurements may be made on the same
sample.

5.8.34. For the other tests, samples which have not undergone any testing should be
used.

5.8.4. Maximum values for the coefficient of retreflection

Photometric spefications for retroreflective markings plates for slow
moving vehicles of the Class SMV

5.8.4.1. When measured as described paragraph 3 the coefficient of retro
reflection R' in candelas per?mer lux (cd/m¥lux) of the entire redretro-
reflective area in new condition shall be at leashdatedin Table B.

Table B
Minimum values for the Coefficient of Retro-reflection R’
[c d AArYx
Observati( Entrance angle b
20 ) 0° 0° 0° 0°
% 5° 20° 30° 40°
CoefficientR' R' of the outer border (class 1, 2)| 120 60 30 10
[c d AR] x R' of the enclosed triangle (class 2| 10 7 4 -
5.84.2. The subtended angle at the sample shall not be larger than 80'.
5.8.5. Colour of the reflected light of the device
5.85.1 The testing of the colour faetroreflective devicgnighttime colour) shall

be carried out according to the method described in paragragh

5.8.5.1.1. The trichromatic coordinates of the reflected luminous flux must be within
the limits for the ctour as specified ilJN RegulationiNo. 48.

5.8.5.2 The testing of the colour foetroreflective devicgdaytime colour) shall be
carried out according to the method described in paragr&ph

5.8.52.1. The trichromatic coordinates of the reflected luminous flux must be within
the limits for the coloured as specified iN RegulationNo. 48.

5.8.52.2. Luminance factob determined in accordance tarpgraph4.2.2.s h a | | be O
0.03.

5.8.6. Colorimetric Specifications

5.8.6.1. SMV rear marking plates for slemoving vehicles and their trailers shall be

composed either of red retreflective and red fluorescent materials or
devices (class 1) or red retreflective only materials or devices (cl&ys

5.8.7. Special specificatio(tests) resistance to external agents
5.8.7.1. Resistance to weathering

A specimen shall be subjected to a test as specified in Annex 13

5.8.7.2. Resistance to corrosion
A specimen of the sample unit shall be subjected teshas specified in
Annex 11.

5.8.7.3. Resistance to fuels
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58.74.

5.8.75.

5.8.76.

5.8.7.7.

5.8.7.8.

5.8.7.9.
5.8.79.1.

5.8.7.9.2.

5.88.
5.88.1.

5.88.2.

5.88.3.

5.88.4.

5.88.5.

5.9
5.9.1.

A specimen of the sample unit shall be subjected to a test as specified in
Annex 9.

Resistance to heat

A specimen of the sample unit shall be subjected to a test as specified in
Annexe6.

Resistance to cleaning

A specimen of the sample unit shall be subjected to a test as specified in
Annex 15.

Stability of photometric properties

A specimen of the sample unit shall be subjected to a test as specified in
Annex 14.

Resistance to penetration of water

A specimen of the sample unit shall be subjected to a test as specified in
Annex 7.

Bonding strength (in the case of adhesive materials)

A specimen of the sample unit shall be subjected to a test esiespen
Annex 16.

Flexing

For samples that are to be adhered to a flexible substrate, i.e. tarpaulin, the
following shall apply:

A specimen of the sample unit shall be subjected to a test as specified in
Annex 17.

In thecase of Plates:

A specimen of a complete plate shall be subjected to a te#gidity of
plates as specified in Annex.19

Chronological order

Five SMV rear marking plates shall be supplied to the testing laboratory for
the various tests to be conducted.

The test samples shall be representative of current production, fabricated in
accordance with the recommextibns of the manufacturer(s) of the retro
reflective and fluorescent (class 1) or reteflective only (class 2).

After verification of the general specifications (paragragh and the
specifications of shape and dimensions (Annex 5) four smmghall be
subjected to the heat resistance test described in Angrior to the tests
described inparagraphs 4.2. and 5.7.4. andAnnex 8.The fifth sample shall
be kept for reference purposes during the test procedures.

The photometric ah colorimetric measurements may be made on the same
sample.

For the other tests, samples which have not undergone any testing should be
used.

Technical requirements concerning advancenimg triangles of type 1 and 2

Retroreflectivedevices of this paragraph must satisfy the conditions as to
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(@) Dimensions and shape set forth in Aneand

(b)  The photometric and colorimetric as specifiecharagrapb 5.9.4 to
5.9.5; and

(c)  The physical and mechanical requirementsfagh in Annexes 9, 11
to 13

5.9.2. The applicant shalubmit for approval

5.9.2.1. Four samples of the advance warning triangle and at least two protective
covers if the advance warning triangles are to be supplied with protective
covers;

5.9.2.2. Two samplesof the fluorescent or fluorescent reteflecting material in
which a 100 x 100 mm square can be inscribed and which are fully
representative of the material applied under the same conditions to the same
base material as used for the advance warninggiea

5.9.2.3. In the case of a type of advans@arning triangle differing only by the trade
name or mark from a typ¢hat has already been approved it shall be
sufficient to submit:

5.9.23.1. A declaration by the advanaeearning triangle manufacturer &hthe type
submitted is identical (except in the trade name or mark) with and has been
produced by the same manufacturer as, the type already approved, the latter
being identified by it@pproval number

5.9.23.2. Two samples bearing the new trade name mark or equivalent
documentation.
Thesamplesshall be tested in the chronological order indicatepairagraph
5.9.6.

5.9.3. Test procedure
Every advance warning triangle and its protective cover, if any, shall meet
the requirements of the checks dasts described in Annex 5.

5.9.4. Maximum values for the coefficient of retreflection
Photometric specifications fadvance warning triangles Type 1 and 2

5.9.4.1. Whenmeasured as described in paragrapth&CIL valuesof theentire red
retroreflective area in new condition shall be at least as indicat8clihe
14.

5.94.2. Retroreflective device and fluorescent retneflecting material.

Table14

Minimum values for the CIL

[mcd.Ix Y]

I'l'lumination angl es

Vertiaal V (f 0° +20° 0° 0°

Hori zomt al H 0° or £5° 0° +30° +40°

Angles of divergence 20' 8,000 4,000 1,700 600

Angles of divergence 1°30' 600 200 100 50
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5.94.2.1 The CIL measured on random slices of 50 mm length ofdhrereflective
deviceshall lie between extremes having a ratio not in excess of 3. These
slices are taken between the perpendiculars to the side of the triangle and
passing through the corresponding apexes of the central aperture. This
requirement applies to an angle of diyence of 20' and to illumination
angles of VvV =0, H = 0° or #5° and V = 20°
H=0°.
5.94.2.2 Diversity of luminance at angles of illuminatiof ¥ = 0°, H = +30°, and
V =0°, H = +40° shall be tolerated on condition that the triangular shape
remains cabarly discernible, for an angle of divergence of 20' and an
illumination of approximately 1 lux.
5.94.2.3 The measurements referred to above shall be performed by the method
described in Annex 5, paragraph 4
5.9.5. Colorimetric specification
5.9.51. Retroreflective device
5.9.51.1. Retroreflective device shall be made of material coloured red in the mass.
5.9.51.2. The testing of the colour faetroreflective devicgnighttime colour) shall
be carried out according to the method described in paragrdpghand the
trichromatic ceordinatesof the red reflected luminous flux shall be within
the following limits:
Table B
Colour coordinates forretro-reflective device(night-time colour)
Point 1 2 3 4
X 0.712 0.735 0.58 0.625
y 0.258 0.265 0.3 0.375
5.9.52. Fluorescent materials
5.9.52.1. The fluorescentmaterials shall either be coloured in the mass or take the
form of separate coatings applied to the surface of the triangle.
5.9.52.2.  The testing of the colour of the fluorescent materials (daytime colour) of
advance warning triangle of type 1 or typsHall be carried out according to
the method described iparagraph4.2.3 andthe colour of the material in
new condition shall be within an area of which the corner points are
determined by the following coordinatas specifiedn Table B:
Table B
Colour coordinatesof the fluorescent materials (daytime colour)
Point 1 2 3 4
X 0.570 0.506 0.595 0.690
y 0.430 0.404 0.315 0.310
5.9.5.2.3. The testing of the luminance factor of the fluorescent materials shall be

carried out according to the method describegbiragraph#.2.3.3.

The luminance factor including the luminance by reflection and fluorescence
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5.9.5.3.

5.9.6.
5.9.6.1.

5.9.62.

5.9.63.

5.9.64.

5.9.65.

5.9.66.

5.9.67.

5.9.68.

5.9.69.

5.9.610.

59.7.

shall be:
(@) Foradvance warning triangle of type 1, not less than 30 per cent; and
(b)  For advance warning triangle of type 2, not less than 25 per cent.

The largest measured trichromatic coordinate y value according to
paragrapht.2.3. (night time colour) shalbe smaller or equal to the largest
measured trichromatic coordinate y value accordingat@grapht.2.2. (day
time colour).

Special specification (tests) / resistance to external agents
Resistance to weathering

A specimen shall be subjected to a test as specified in Annex 13
Resistance to corrosion

A specimen of the sample unit shall be subjected to a test as specified in
Annex 11.

Resistance to fuels

A specimen of the sample unit shall bebjected to a test as specified in
Annex 9.

Resistance to heat

A specimen of the sample unit shall be subjected to a test as specified in
Annex 6.

Resistance to cleaning

A specimen of the sample unit shall be subjected to a test esiespen
Annex 15.

Stability of photometric properties

A specimen of the sample unit shall be subjected to a test as specified in
Annex 14.

Resistance to penetration of water

A specimen of the sample unit shall be subjected to aates{pecified in
Annex 7.

Bonding strength (in the case of adhesive materials)

A specimen of the sample unit shall be subjected to a test as specified in
Annex 16.

Flexing

For samples that are to be adhered to a flexible substrategrpaulin, the
following shall apply:

A specimen of the sample unit shall be subjected to a test as specified in
Annex 17.

Wind test

A specimen of a complete plate shall be subjected to a tedgidity of
plates as specified in Annéx

Chronological order
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59.7.1.
59.71.1.

59.71.2.

59.71.3.

59.7.1.4.

59.71.4.1.

59.71.4.2.

59.71.4.3.
59.71.4.4.
5.9.7.1.5.

59.71.5.1.

59.71.6.

59.71.6.1.
59.71.6.2.
5.9.71.6.3.
59.71.7.

59.7.1.7.1.
59.71.7.2
59.71.7.3.

General

The applicant shall submit samples, as mentionegairagraphs 3, for
approval.

After verification of the general specificatiodginex 4 (paragraph § and
the specifications of shape and dimensidmmex 5 (paragraph 7.}, all
samples shall be subjected to the heat resistancAnask 6(paragraph J
and exarmned after at least one hour of rest.

The CIL value of the four samples of the advance warning triangles
submitted is measured at an observation angle of 20' and at an illumination
angle with the components V = 0°, H = £5°; this test is cardet in
accordance with the method described in paragraph 4

The two samples with the smallest and the largest CIL value in the tests
according to paragraph 1.3. shall be subsequently subjected to the following
tests:

Measurement of the values of the CIL in respect of the observation and
illumination angles referretb in paragraps.9.4.2 according to the method
described in paragraph 4

Testing of the colour of the retreflected light according tpamgraph4.2.
on the sample with the highest CIL concerned shall be examined.

Test of clearance to ground accordinghtinex 20paragraph 5
Mechanical solidity test according fnnex 20paragraph 6

One sample othethan those referred to iparagraph5.9.7.1.1 shall be
subjected to the followintests:

Testing of resistance to penetration of water intortieo-reflective device
according tcAnnex 7or if relevant, of the mirrebacked reverse side of the
retroreflective deviceaccording toAAnnex 7.

The second sample, othitran those referred to paragraptb.9.7.1.1, shall
be subjected to the following tests:

Water test ecording toAnnex 7.
Testing of resistance to fuels accordinghtmex Q
Test of stability against wind accordingAonex 20

After the tests specified iparagraphb.9.7.14, the two samples submitted
according tgparagraph 3l shall be subjected to the following tests:

Colour test according tparagrapt.2.2;
Test of the luminance factor accordingptragrapt#.2.3;

Test of weather resistance accordind\tmex 13
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6.1
6.1.1.

6.1.2.

Transitional provisions

General

Contracting Parties applyinthis Regulationshall continue to accept type
approvals of the devices, to any of the preceding series of amendmtiiss to
Regulation which are not affected by the changes introdubbg the latest
series of amendments.

To verify this, the change index applicable to the pertinent device shall not
differ from its change index as indicated in the latest series of amendments.

Contracting Parties applyinghis Regulationshall not refuse to grant
extensions to typeapprovals according to any preceding series of
amendments tthis Regulation
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Annex 1

Communication
(Maximumformat: A4 (210 x 297 mm))

issued by Name of administration:

concerning? Approval
Approval extended
Approval refused
Approval withdrawn
Production definitively discontinued
of atype ofretro-reflective device
of a type of advance warning triangle
of atype of SMV rear marking plate
of a type of rear mrking plate,

of retroreflective markings of heavy and long vehicles and their trapersuant toUN
Regulation No[RRD]

Classof t he devi ce: ¢éé éChangeindexé é
Approval No: ......
Unique I dentifier (UI')) (1If applicable):

1. Trade namer mark of theretro-reflective deviceor markingmaterial ................
2 MaNUFACTUIETS NAME.......iiiiiiiiiiiiiee et r et e e e e e e e nanee
2.1 for the reto-reflecting type of deviCe:..........ooviiiiiiiiiiieee e,
2.2 for the advance warning triangle.........cccoiio e
2.3 for the SMV rear marking plate type........ccvveeieiiiiiiiiieeee e

2.3.1. SMV rear marking plat@lass: .........ccuvviiieiiiiiiii e
2.4 for the ear marking plate type:..... .o

1 Distinguishing number of the country which has granted/extended/refused/withdrawn approval (see
approval provisions in thedgulation).
2 Strike out what does not apply.
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2.41.
25.

© ©® N o g

11.

12.

13.

14.

15.

Annexed is a list of documents making up the approval file, deposited with the
Type ApprovalAuthority which granted approval; a copy can be obtained on
request.
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Minimum requirements for conformity of production
control procedures

1.
1.1.

1.2.

2.1

2.2,

2.2.1.

2.2.2.

2.2.3.

224,

2.3.

General

The conformity requirements shall be considered satisfied from a mechanical
and geometric standpoint, if the differences do not exceed inevitable
manufacturing deviations within the requirementshid Regulation

With respect to photometric performzes, the conformity of magsoduced
retroreflective device shall not be contested if, when testing photometric
performances of anyetroreflective devicechosen at random no measured
value deviates unfavourably by more than 20 per cent from the rmimimu
values prescribed ithis Regulation

The chromaticity coordinates shall be complied with.
Minimum requirements for verification of conformity by the manufacturer

For each type ofetroreflective devicahe holder of the approval mark shall
cary out at least the following tests, at appropriate intervals. The tests shall
be carried out in accordance with the provisionthisf Regulation

If any sampling shows neconformity with regard to the type of test
concerned, further samples shall bken and tested. The manufacturer shall
take steps to ensure the conformity of the production concerned.

Nature of tests

Tests of conformity inthis Regulationshall cover the photometric and
colorimetric characteristics and the resistance to peiwatraf water.

Methods used in tests

Tests shall generally be carried out in accordance with the methods set out in
this Regulation

In any test of conformity carried out by the manufacturer, equivalent methods
may be used with the comst of the Type Approval Authority. The
manufacturer is responsible for proving that the applied methods are
equivalent to those laid down this Regulation

The application of paragraphs 2.2.1. and 2.2.2. requires regular calibration of
test appaatus and its correlation with measurements made byy@e
Approval Authority.

In all cases the reference methods shall be thosehisf Regulation
particularly for the purpose of administrative verification and sampling.

Nature of sampling

Samples of retroreflective device shall be selected at random from the
production of a uniform batch. A uniform batch means a setetb
reflective device of the same type, defined according to the production
methods of the manufacturer.
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2.4,

2.5,

The assessmershall in general cover series production from individual
factories. However, a manufacturer may group together records concerning
the same type from several factories, provided these operate under the same
quality system and quality management.

Measued and recorded photometric characteristics

The sampledretroreflective deviceshall be subjected to photometric
measurements at the points and the chromaticity coordinates provided for in
the Regulation.

Criteria governing acceptability

The mantacturer is responsible for carrying out a statistical study of the test
results and for defining, in agreement with the Type Approval Authority,
criteria governing the acceptability of his products in order to meet the
specifications laid down for the vfication of conformity of products in
paragraph3.5.1. of this RegulationThe criteria governing the acceptability
shall be such that, with a confidence level of 95 per cent, the minimum
probability of passing a spot check in accordance with Annex 18t (fi
sampling) would be 0.95.
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Minimum requirements for sampling by an inspector

1.2.

1.2.1.

1.2.2.

1.3.

2.1

2.2,

3.1.

3.2.

General

The conformity requirements shall be considered satisfied from a mechanical
and a geometric standpoint, in accordance with the requirementssof
Regulation if any, if the differences do not exceed inevitable manufacturing
deviations.

With respectto photometric performance, the conformity of mpesduced
retroreflective device shall not be contested if, when testing photometric
performances of anetro-reflective deviceehosen at random:

No measured value deviates unfavourably by ntioa@ 20per cent from the
minimum values prescribed this Regulation

Retroreflective device with apparent defects are disregarded.
The chromaticity coordinates shall be complied with.
First sampling

In the first sampling fouretro-reflective devicesire selected at randoffihe
first sample of two is marked A, the second sample of two is m&ked

The conformity of masproduced retroreflective devicesshall not be
contested if the deviation of any specimen of samples A afadl Bur retro-
reflective devicegis not more tha@0 per cent.

In the case, that the deviation lmfth retro-reflective device®f sample A is
not more tha® per centthe measurement can be closed.

The conformity of masproducedretro-reflective device shall be contested
if the deviation of at least one specimen of samples A @& fore than 20
per cent.

The manufacturer shall be requested to bring his production in line with the
requirements (alignment) and a repeated samplaogrding to paragraph 3.
below shall be carried out within two months' time after the notification. The
samples A and B shall be retained by the Technical Service until the entire
CoP process is finished.

First repeated sampling

A sample of fourretroreflective deviceds selected at rando from stock
manufactured aftealignment

The first sample of two is marked C, the second sample of two is maArked

The conformity of masproduced retroreflective devicesshall not be
contested if theleviation of any specimen of samples C anaDf¢ur retro-
reflective device) is not more thag0 per cent.

In the case, that the deviation lodth retro-reflective devicef sample C is
not more thar® per cent, the measurement can be closed.

The conformity of masgroducedretroreflective deviceshall be contested
if the deviation of at least
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3.2.1.

3.2.2.

4.1.

4.2.

6.2

One specimen of samples C otibmore thar20 per cent but the deviation of
all specimen of these samples is not more than 30 per cent.

The manifacturer shall be requested again to bring his production in line with
the requirements (alignment).

A second repeated sampling according to paragraph 4. shall be carried out
within two months' time after the notification. The samples C and D shall be
retained by the Technical Service until the entire CoP process is finished.

One specimen of samples C andsDnore than 3@er cent

In this case the approval shall be withdrawn and paragrapghdl be
applied.

Second repeated sampling

A sampleof four retroreflective devicess selected at random from stock
manufactured after alignment.

The first sample of two is marked E, the second sample of two is miarked

The conformity of masproduced retroreflective device shall not be
contestd if the deviation of any specimen of samples E andllFdur retro-
reflective device) is not more thaR0 per cent. In the case, that the deviation
of bothretroreflective devics of sample E is not more thdhper cent the
measurement can be closed.

The conformity of masproducedretro-reflective device shall be contested
if the deviation of at least one specimen of samples E isrnkore than 20
per cent.

In this case the approval shall be withdrawn and paragrapthdl be
applied.

Approval withdrawn
Approval shall be withdrawn according to paragr8ph of this Regulation
Resistanceests

One of the retrgeflecive devicesof sample A after the sampling procedure
in paragraph 2.shall be tested according to the proceddescribed in
paragraph lof Annex7 or, in the case of the Advance Warning Triangle, the
sample A shall b&ested according to the procedure described in paragraph
of Annex7.

The retrereflecive devicesshall be considered as acceptable if the tast h
been passedowever, if the test on sample A is not complied with, the two
retroreflectve devicesof sample B shall be subjected to the same procedure
and both shall pass the test.

Specimens of one of the rear marking plates of sample A a#iesatimpling
procedure inparagraph 2., shall be tested according to the procedures
described in Annexes 8,9, 11,13,15,16 and 18o this Regulation

The rear marking plate shall be considered acceptable if the tests were
passed.

However, if the tests on specimens of sample A did not pass the tests, the two
rear marking plates of sample B shall be subjected to the same procedure and
bothshall pass the test.
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Annex 4

Photometric measurements of retrereflective devices and
marking materials

1. Test procedures

1.1. When the CIL of aretroreflective devicei s measured for an angl e
V =H =0°, it shall be ascertained whether any mirror effect is produced by
slightly turning the device. If there is any such effect, a reading shall be taken
with an angle b of VvV = N5A, H = 0A. The |
corresponding to the minimum CIL fone of these positions.

1.2. With an illumination angle b of vV = H =
paragraph5. of this Regulationand an angle of divergence of 2f8tro-
reflective device which are not marked "TOP" shall be rotated about their
axes of reference to the position of minimum CIL, which must conform to the
value specified irparagrapl®. of this RegulationWhen the CIL is measured
for the other angles of illumination and digence, theetro-reflective device
shall be placed in the position correspon
specified values are not attained, the device may be rotated about its axis of
reference +5° from that position.

13. Wi th an il | unof¥ &tHi=00%, oratmegahgle sgecified in
paragraph 4of this Regulation and an angle of divergence of 2@fro-
reflective device marked "TOP" shall be rotated about their axes +5°. The
CIL must not fall below the prescribed value in any position assulny the
device during this rotation.

1.4. If for the direction V = H =spedfidd and for U
value by 50 per cerdr more, all measurements for all angles of illumination )
and divergence shall be made for U = O0A.

2. Definitions

Thedefinitions are explained by Figuréd-| to A4-V.

3. Dimensional and physical specifications for the photometry of +etro
reflecive devices

3.1 The ClEangular system as shown in Figér-1 shall be used.
An adequate support (goniometer) is demonstrated in FAHe.

3.2 For testing the retroreflection the retrereflective devices shall be
illuminated with a CIE Standarddminant A (ISO 116642:2007(E)/CIE S
014-2/E:2006 and measured as described\imex 4.

3.3 The measuring geometry is described in Fighdel andthe following limits
are set up:
Angular diameter of the souree de¢ 10
Angular diameter of the measuring device g¢ 10
Angular diameter of the illuminated area h ¢ 80'
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3.4.

3.5.

3.6.

3.7.

3.8.

3.8.1.

3.8.2.

3.8.3.

3.9.

4.1.

4.1.1.

During photometric measurements, stray reflections should be avoided by
appropriate masking.

The measuring distance shall be chosen in such an order that at least the
limits for the anglesl, gandh given in FigureA4-1V are respectedbut not
lower than 10 m or its optical equivalent.

The retroreflection values shall be determined by means ofieasuring
geometry as deribed above with the refroeflecting deviceset up to a
distance of at least t®forward of the centre of reference of eastro
reflecting device perpendiculato the measurement axis from the origin of
the gonio(photo)meter system.

The illuminance at theetroreflective device

The illuminance over the useful area of theé&roreflective device measured
perpendiculato the incident light shall be sufficiently uniform. A check on
this condition requires a measuring element, the sensitive area of which is not
greater than ontenth of the area to be examined. The variation in the value
of the illuminance shall then cqaty with the condition:

maximum value
min imum value

¢1.05

The colour temperature and the spectral distribution of the source

The source used for illuminating thetro-reflective deviceshall as faithfully
as possible represent the ClHurminant A, both asregards colour
temperature and spectral power distribution.

The photometer head (measuring element)

The photometer head shall be corrected to the spectral luminous efficiency
for the CIE standard photometric observer in photopic vision.

The device shall not show a perceptible change in local sensitivity within the
area of its aperture; otherwise suitable provisions shall be added, e.g. the
application of a diffusing window at a certain distance in front of the
sensitive surface.

Experience has shown that nbnearity of photometer heads may be a
problem with the very small light quantities which are the rule in the
photometry of retraeflecive devices A check at comparable illuminance
levels on the photometer head is recommended

The influence of a regular reflection

The amount and distribution of the regular reflection from the surface of the
retroreflector depends on the flatness and the gloss of the surface. In general,
regular reflection is best avoided when the mfiee axis is placed so that the
regular reflection is directed on the opposite side of the source from the
photometer head (for example whih= -5°).

Measurement precautions in the photometry of regflection
Residual and stray light

Since very low light levels are to be measured special precautions are needed
to minimize errors due to stray light. The background to the sample and the
framework of the sample holder should be matt black and the field of view of
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50

4.1.2.

4.1.3.

4.1.4.

4.2.

4.2.1.

4.2.2.

4.2.3.

4.2.4.

4.3

the photometer head andet spread of light from both the sample and the
source should each be restricted as much as possible.

Reflections from the floor and walls which occur over the relatively long test
distances used shall be screened from both the sample and the gtkotom
head by baffles. The importance of looking from the photometer head to
check for sources of stray light cannot be over emphasized.

A valuable aid to reducing the amount of stray light in the laboratory is to use
a slide projector type of optitaystem for the light source. With this, an iris
diaphragm or suitable sized apertures may be used in the optical system to
restrict the illuminated area at the sample to the minimum size needed to
provide uniform illuminance over the sample.

Residial stray light should always be allowed for by measuring it when the
sample is covered by an opaque matt black surface, zigzag folded black paper
of the same size and shape or a specular black surface suitably oriented with
a light trap. This value shoulok subtracted from that measured on the retro
reflecive device

Stability of the apparatus

The light source and photometer head should remain stable throughout the
period of the test. Since the sensitivity and the adaptation to thi) V (
function of most photometer heads change with temperature, the laboratory
ambient temperature should not vary significantly during this period.
Sufficient time should always be allowed for the apparatus to stabilize before
commencing measurements.

The paver supply to the light source should be adequately stabilized so that
the luminous intensity of the lamp can be maintained throughout the test to
within the required accuracy for the work.

A useful check on the overall stability of the reflex pmoéder during a
series of tests is to make periodic measurements of CIL values of a stable
reference standard.

Another technique is to incorporate in the apparatus an auxiliary detector to
check or monitor the output of the light source. Althoughadtigput from the
auxiliary detector can be checked for any change in reading, a useful
refinement is to use the output to alter electronically the sensitivity of the
main reflex photometer head and compensate automatically for changes in
the light output 6the source.

Description of Goniometer

A goniometer as defineith paragraph 2. of this Regulationwhich can be
used in making retroeflection measurements in the CIE geometry is
illustrated in Figure A4-V. In this illustration, the photometdread (O) is
arbitrarily shown to be vécally above the source (IThe first axis is shown

to be fixed and horizontal and is situated perpendicidahe observation
half-plane. Any arrangement of the components which is equivalent to the
one shown cabe used.
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FigureA4-I
The CIE co-ordinate system

Figure A4l shows he CIE angular system for specifying and measuring retro
reflective device andmarking materials.The first axis is perpendicular to the plane
containing the observation axis and themination axis. The second axis is perpendicular
both to the first axis and to the reference axis.
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Figure Ad-II
Goniometer mechanism embodying the CIE angular system

Moveable Axle - for motion
about the Second axis

Fixed Axle - for motion
about the First axis

Head

Retroreflector
[ Source
1: First Axis I: Hlumination Axis U: Observation angle
2: Second Axis O: Observation Axis %, : Entrance angles
R: Reference Axis O: Rotation angle
P: Retroreflective material

Figure A4ll represerd a Goniometer mechanism embodying the CIE angular
system for specifying and measuring reteflective device andmarking materialsAll
axes, angles, and directions of rotation are shown positive.

Notes
(&) The principle fixed axiss the illumination axis;

(b)  The first axis is fixed perpendicular to the plane containing the observation and
illumination axis;

(c) The reference axis is fixed in thetroreflective deviceand moveable with i3
and f3.
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Figure A4llI
Distribution of retro -reflected light at retro-reflector

Reference axis:

Normal to the

Retroreflective llumination Photometer head
Surface (Entrance) Observation Driver’s eye

Angle B axis _\ _________ b—

. (Angle of divergence
) Observation angle o In this regulation)

Reference \ llumination D
Centre axis

Distribution of Source
Ret(oreﬂector Retroreflected Vehicle's headlamp
device intensity

Figure A41V
Measuring geometry for the measurement of a retraeflective device

Photometer head

Retro-reflector device Source

For the purpose dhis Regulationthe following limits are set up:
d¢ 10
g¢ 10’
h ¢ 80
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Figure A4V

Arrangement of the test equipment forretro-reflective devicesof Classes IA, IB, llIA, 1lIB, IVA

Rr |Cr

D'e

\_1 T £ X
|
Nc
L Da »
Elevation

Symbols and units

A =
C
NC =
Rr =
Cr =
gr =
Se =
Cs =
@s =
De =

De =
Note

Area of the illuminating surface of thetro-reflective devicgcn¥)
Centre of reference

Axis of reference

Receiver, observer or measuring device
Centre of receiver

Diameter of receiver Rr if circular (cm)
Source of illuminabn

Centre of source of illumination
Diameter of source of illumination (cm)
Distance from centre Cs to centre C (m)
Distance from centre Cr to centre C (m)

In general, De and @ are very nearly the same and under normal
condifons of observation it may be assumed that D&& D

Observation distance from and from beyond which the illuminating
surface appears to be continuous

Angle of divergence

lllumination angle. With respect to the line CsC which is always
constdered to be horizontal, this angle is prefixed by the sigieft), +
(right), + (up) ori (down), according to the position of the source Se in
relation to the axis NC, as seen when looking towardsettne-reflective
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(s =]

([ex)

CIL

device For any direction definebly two angles, vertical and horizontal,
the vertical angle is always given first.

Angular diameter of the measuring device Rr as seen from point C
Angular diameter of the source Se as seen from point C

Angle of rotation. This angle is posié when the rotation is clockwise as
seen when looking towards the illuminating surface. Ifrdieo-reflective

deviceis markediTOPY, the position thus indicated is taken as the origin.

Illumination of theretro-reflective deviceglux)
Coefficient of luminous intensity (millicandelas/lux)

Angles are expressed in degrees and minutes.
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Specifications of shape andimensions

1.
1.1.

1.2.

2.1,

2.2,

2.3.

2.4,

2.5,

2.5.1.

2.6.

3.2.

3.3.

Shape and dimensions of reteflective devices in Clagé or IB

The shape of the illuminating surfaces must be simple, and not easily
confused at normal observation distances, with a letter, a digit or a triangle.

The precedig paragraph.l. notwithstanding, a shape resembling the letters
or digits of simple form O, I, U or 8 is permissible.

Shape and dimensions of reneflective devices in ClassddA and IlIB
(see appendix to this annex

The illuminating surface of retro-reflective device in Classes IlIA and 11I1B
must have the shape or an equilateral triangle. If the Wo@0 is inscribed
in one corner, the apex of that corner must be directed upwards.

The illuminating surface may or may not have acdstre a triangular, nen
retroreflecting area, with sides parallel to those of the outer triangle.

The illuminating surface may or may not be continuous. In any case, the
shortest distance between two adjacent redfiecting optical units must mo
exceed 15 mm.

The illuminating surface of eetro-reflective deviceshall be considered to be
continuous if the edges of the illuminating surfaces of adjacent separate
optical units are parallel and if the said optical units are evenly distributed
over the whole solid surface of the triangle.

If the illuminated surface is not continuous, the number of separate retro
reflecting optical units including the corner units shall not be less than four
on each side of the triangle.

The separat retroreflecting optical units shall not be replaceable unless they
consist of approvetktroreflective devics in Class IA.

The outside edges of the illuminating surfaces of triangwto-reflective
devices in Classes IlIA and IIIB shall be tveeen 150 and 200 mm long. In

the case of devices of holletiangle type, the width of the sides, measured
at right angles to the latter, shall be equal to at least 20 per cent of the
effective length between the extremities of the illuminating surface.

Shape and dimensions of reteflective devices ilClassIVA

The shape of the light emitting surfaces must be simple and not easily
confused at normal observation distances with a letter, a digit or a triangle.
However, a shape resembling thadet and digits of simple form, O, I, U
and 8 is permissible.

The light emitting surface of theetroreflective devicemust be at least
25cn?.

Compliance with the above specifications shall be verified by visual
inspection.
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Figure A5
Retro-reflectors for trailers i Classes IlIA and [lIB

150 mm O A 0]

Note These sketches are for illustration purposes only.
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4.2.

4.2.1.

4.2.2.

51.

52.

5.2.1.

52.2.

Figure A5-11

Shape andlimensions of retroeflective side and rear marking with strips
General

The markings shall be made of strips of reeflective material.
Dimensions

The width of a side and/or rear marking material shaB®em +10+
0 mm.

Theminimum length of an element of a retieflective marking material
shall be such that at least one approval mark is visible.

Side, rear and/or front marking with strips (Classe)o-reflective
markings plates of th€lassb

General
Themarkings shall be made of strips of retedlective material.
Dimensions

Class Fand Class Setroreflective materials shall consist of red and
white diagonal stripes downwards at 451° as shown in FiguseA5-Il,
A5-IIl and A5-1V respectiely. The basic standard area is a square of 141
mm £ 1 mmin length subdivided diagonally into a white half and red
half, which represents one standard area as shown in FAgtile

The minimum length of an element of a reteflective marking matrial

shall incorporate a minimum of 9 standard areas as descrilpadagraph
5.2.1 on large vehicles with available mounting space, but may be
reduced to a minimum of 4 standard areas on vehicles with limited
mounting space.

Retro-reflective material marking of Class F(Standard Element)

141+ 1 mm

\ =3 mm

""""" _// 100 mm

45° +1°

141+ 1 mm
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Figure A5I11
Retro-reflective material marking of Class F

O 1269

Figure A5-1V
Retro-reflective material marking of Class 5

\ =3 mm

423+ 5 mm

100 mm

45° £ 1°

423+ 5 mm

6. Shape and dimensions igftro-reflectivefluorescent rear marking plate(s)
6.1. Shape

The plates shall be rectangular in shape for mounting at the rear of
vehicles.

6.2. Pattern

For mounting on trailers and seimailers, the plates shall have a yellow
retroreflective backgrond with a red fluorescent or retreflective
border;

For mounting on nofarticulated vehicles (tractors or trucks), the plates
shall be of the chevron type with alternate, oblique stripes of yellow retro
reflective and red fluorescent or retreflectivematerials or devices.

6.3. Dimensions
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6.3.1.

6.3.2.

6.3.3.

6.3.4.

6.3.5.

Figure A5V:

The minimum total summarized length of a set of rear marking plates
consisting only of one, two or four marking plates with reeflective

and fluorescent materials shall be 1,h3®, the maximum total length
shallbe 2,300mm.

The width of a rear marking plate shall be:
For trucks and tractors: 140 + 10 mm.

For trailers and sentrailers: 200 c’ur?nm.

The length of each rear marking plate in a set consisting of two plates for
trucks and tractorsas illustrated inFigures A5-V and A5-VI, may be
reduced, to a minimum of 13@m, provided that the width is increased
such that the area of each marking is at least 735 does not exceed
1,725 cr and the marking plates are rectangular.

The widh of the red fluorescent border of the rear marking plates for
trailers and serirailers shall be 46hm+ 1 mm.

The slope of the oblique stripes of the chevron band shall be 45° + 5°,
The width of the stripes shall be 100 mm £ 2.5 mm.

Prescribedshapes, patterns and dimensional features are illustrated in
Figure A5-V.

Rear marking plates supplied in sets shall form matching pairs.

Rear Marking Plates (Class 1 and Class 3)

Example

(@

Example

(b)

100 ° 2,5 mm
Red fluorescent (class 1) or

Retro-reflective (class 3)

45° + 5°
Yellow retro-reflective
A

140 ° 10 mm

1130 mm ) L

LLANN
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‘

Y

-

Example

(d)

Figure A5VI
Rear marking Plates (Class 2 and Class 4)

Red fluorescent (class 2) or
Retro-reflective (class 4)

Yellow retro-reflective

Example +3
@ 200 "“omm

1130 mm 0 L

Example

(b)
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7.1.

7.2.

7.3.

7.4.

Example

(©

Example

()

L/4

]

Shape and dimensions iaftro-reflective/fluorescent (Clashk or retro
reflective only (Class 2) SMV rear marking plates

L/4

Shape

The plates shall be in the shape of an equilateral triangle with truncated
corners, for mounting with one apex upwards at the rear of-siowing
vehicles.

Pattern

The SMV rear marking plates shall have a red fluorescent centre and red
retroreflective borders made of either reteflective sheeting or coating or

of plastic conercube reflectors (class 1Jhe SMV rear marking plates of
class2 shall have a retroeflective centre.

Dimensions

The length of the base of the enclosed fluorescent triangle (class 1) er retro
reflective triangle (clas2) shall be: minimum 350mm and maximum
365mm. The minimum width of the lighémitting suface of the red retro
reflective border shall bes4nm, the maximum width 481m. These features

are illustrated in the example of Ann&R.

Rear marking plates for slemoving vehiclesand their trailers
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Figure A5VI
Example of a slow-moving vehide plate

Red fluorescent material (class 1) or r= 157 18 mm
red retro-reflecting material (class 2)

Red retro-reflecting material or corner-
cube retro-reflector (class 1 or class 2)

350 - 365 mm

FigureA5-VIII
Shape and dimensions of the advance warning triangle of type 1 and of the support

R=15%5mm ﬁ N
7\
’

. V4
Not necessarily red coloured /

Edges: 5mm max N
R O 20

+
50 _ 2% mm

500 ° 50 mm

Onen Area

Retro-refelcting
area - red

Red fluorescent area O 70 m | .
Tot al surface ar = - 'O 300 1
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Figure A5-1X
Shape and dimensions of the advance warning triangle of type 2 and of the support

R=15%5mm —\

Not necessarily red coloured
Edges: 5mm max

R O 20

50 O D O

500 ° 50 mm

Open Area

Fluorescent retro A
reflective material O 300 mr

FigureA5-X
Test device for clearance to ground
50 mm
O — —
~
\ v E
Square hole 50 mm S
¥ o
™
! 300mm !
¥
i v 50 mm
Y 7\;5 I
mm
0
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Annex 6

Resistance to heat

1 Test procedure in the case of moulded plastics reflectors ofredteating
devices as Classes IA, 1B, llIA, 1lIB, IVASMV, Marking plates ofClasses
1, 2, 3, 4, 5and Advance warning triangle of type 1

The retroreflective deviceshall be kept for 48 consecutive hours in a dry
atmosphere at a temperature of°6€5x 2°C after which the sample shall be
allowed to cool for 1 hour at Z& + 2°C.

2. Test procedurén the case of use of flexible materiéds Classes C, F, 1, 2,
3, 4, 5 and Advance warning triangle of type 2

A section of a sample unit not less than 300 mm long shall be kept for 12
hours in a dry atmosphere at a temperature dfa 2 °C, after whit the
sample shall be allowed to cool for 1 hour at°23% 2 °C. It shall then be
kept for 12 hours at a temperature @ °C £ 2°C.

The sample shall be examined after a recovery time of 4 hours under normal
laboratory conditions.

3. After this test, no cracking or appreciable distortion of rbieo-reflective
deviceand, in particular, of its optical component must be visible.
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Resistance to water penetration foretro-reflective devices

1.
1.1.

1.2.

1.3.

1.3.1.

1.32.

2.11.

21.2.

213.

2.2.

Test forretroreflectors anaetro-reflectivemarkings

Retroreflective device whether part of a lamp or natr a sample unit of
retroreflective marking shall be strippedof all removable parts and
immersed for 10 minutes in water attemperature of 50C +5°C, the
highest point of the upper part of the illuminating surface being 20 mm below
the surface of the water. This test shall be repeated after turningttbe
reflective devicethrough 180°, so that the illuminating surface is at the
bottom and the rear face is covered by about 20 mm of water. Tapgee

units shall then be immediately immersed in the same conditions in water at a
temperaturef 25°C £ 5 °C.

No water shall penetrate to the reflecting surface of the -retkecting
optical unit. If visual inspection clearly reveals the presence of water, the
device shall not be considered to have passed the test.

If visual inspection does not revehk presece of water or in case of doubt:

In the case of retreeflectors,the CIL shall be measured by the method
described inAnnex 4 or Annex 14the retroreflective devicebeing first
lightly shaken to remove excess water from the outside.

In the caseof a sample unit of retroeflective marking the coefficient of
retroreflection R' shall be measured in conformity with Annex 7, the sample
unit being first lightly shaken to remove excess water from the outside.

Testfor advance warnmtriangles

Test of resistance of thetro-reflective deviceor fluorescent retroeflecting
material

The triangle- collapsible triangles are to be assembled as for séall be
immersed for 10 minutes in water having a temperature 6€505°C, with

the highest point of the upper part of the illuminating surface being about
20mm below the water sface. Immediately afterwards, thistro-reflective
device shall be immersed under the same conditions in water having a
temperature of 25C + 5°C.

After this test, no water shall have penetrated to the reflecting surface of the
retroreflective avice If a visual inspection clearly reveals the presence of
water, the device has not passed the Wsiter or water vapour penetration
into the edges of fluorescent retieflecting materials shall not be deemed to
indicate failure.

If the visud inspection does not reveal the presence of water, or in case of
doubt the value of the CIL shall again be measured under the same conditions
as specified iparagraph 1.20f Annex 7 after theretroreflective deviceéhas

been gently shaken to remove egs water from the outside. The CIL shall

not have diminished by more than 40 per cent of the values recorded before
the test.

Water test
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The triangle- collapsible advance warning triangles are to be assembled as
for use- shall be immersed flat fotwo hours on the bottom of a tank
containing water at 25C + 5°C, with the active face of the triangle showing
upwards and being 5 cm under the surface of the water. The triangle shall
then be removed and dried. No part of the device may exhibit dtper of
deterioration which might impair the effectiveness of the triangle.

Test for marking plates
Resistance to water

A section of a sample unit not less than 300 mm long shall be immersed in
distilled water at a temperature of 23 + 5°C fqresiod of 18 hours; it shall
then be left to dry for 24 hours under normal laboratory conditions.

After completion of the test, the section shall be examined. No part inside 10
mm from the cut edge shall show evidence of deterioration which would
reduce tle effectiveness of the plate.
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Alternative test proceduresof resistance to water penetration
for retro-reflective devices of the Classes IB and I11B

1.

2.1

2.1.1.

2.1.2.

2.1.3.

2.2.

22.1

222

223

224

225

As an alternative, at the request of the manufacturer, the following test
(moisture and dust test) shall be applied

Moisture test

The test evaluates the ability of the sample device to resist moisture
penetration from a watemprsy and determines the drainage capability of
those devices with drain holes or other exposed openings in the device.

Water spray test equipment
A water spray cabinet with the following characteristics shall be used:
Cabinet

The cabinet shhbe equipped with a nozzle(s) which provides a solid cone
water spray of sufficient angle to completely cover the sample device. The
centreline of the nozzle(s) shall be directed downward at an angle of 45°+ 5°
to the vertical axis of a rotating test ain.

Rotating test platform

The rotating test platform shall have a minimum diameter of 140 mm and
rotate about a vertical axis in the centre of the cabinet.

Precipitation rate

The precipitation rate of the water spray at the device bleall.5 (+1.60)
mm/min as measured with a vertical cylindrical collector centred on the
vertical axis of the rotating test platform. The height of the collector shall be
100 mm and the inside diameter shall be a minimum of 140 mm.

Water spray testrpcedure

A sample device mounted on a test fixture, with initial CIL measured and
recorded shall be subjected to a water spray as follows:

Device openings

All drain holes and other openings shall remain open. Drain wicks, when
used, shall béested in the device.

Rotational speed
The device shall be rotated about its vertical axis at a rate of 4.0 + 0:5 min

If the retroreflector is reciprocally incorporated or grouped with signalling or
lighting functions, these functionshal be operated at design voltage
according to a cycle of 5 min ON (in flashing mode, where appropriate),
55 min OFF.

Test duration
The water spray test shall last 12 hours (12 cycles of 5/55 min).

Drain period
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2.2.6.

2.3.

2.3.1.

2.3.2.

2.3.3.

2.3.4.

2.3.5.

2.3.6.

2.3.7.

The rotation and the watepray shall be turned OFF and the device allowed
to drain for 1 hour with the cabinet door closed.

Sample evaluation

Upon completion of the drain period. The interior of the device shall be
observed for moisture accumulation. No standing pool ofmwahall be
allowed to be formed, or which can be formed by tapping or tilting the
device. The CIL shall be measured according to the method specified in
Annex 4 after having dried the exterior of the device with a dry cotton cloth.

Dust exposure test

This test evaluates the ability of the sample device to resist dust penetration
which could significantly affect the photometric output of the reéfbector.

Dust exposure test equipment
The following equipment shall be used to test for dupbexre:
Dust exposure test chamber

The interior of the test chamber shall be cubical in shape in size 0.9 to 1.5 m
per side. The bottom may be "hopper shaped" to aid in collecting the dust.
The internal chamber volume, not including a "hopper stiapettom shall

be 2 n¥ maximum and shall be charged with 3 to 5 kg of the test dust. The
chamber shall have the capability of agitating the test dust by means of
compressed air or blower fans in such a way that the dust is diffused
throughout the chamber.

The dust

The test dust used shall be fine powdered cement in accordance with standard
ASTM C 15084 *

Dust exposure test procedure

A sample device, mounted on a test fixture, with the initial CIL measured and
recorded, shall be exposeddwost as follows:

Device openings

All drain holes and other openings shall remain open. Drain wicks, when
used, shall be tested in the device.

Dust exposure

The mounted device shall be placed in the dust chamber no closer than
150mm from awall. Devices with a length exceeding 600 mm shall be
horizontally centred in the test chamber. The test dust shall be agitated as
completely as possible by compressed air or blower(s) at intervals of 15 min
for a period of 2 to 15 s for the duration ofiéurs. The dust shall be allowed

to settle between the agitation periods.

Measured sample evaluation

Upon completion of the dust exposure test, the exterior of the device shall be
cleaned and dried with a dry cotton cloth and the CIL measured according to
the method specified iAnnex 4.

* American Society for Testing and Materials
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Resistance to fuels

1.1

1.2

A test mixture of 70 vol. per cent ofheptane and 30 vol. per cent of toluol
shall be applied foeither.

A retroreflective device

(@) The outer surface of theetroreflective deviceand, in particular, of
the illuminating surface, shall be lightly wiped with a cotton cloth
soakedn the test mixture

(b)  After about five minutes, the surface shall be inspected visually. It
must not show any apparent surfacargjes, except that slight surface
cracks will not be objected to.

or;
A sample uit of retroreflective marking;

(@) A section of a sample unit not less than 300 mm long shall be
immersed in the test mixture for one minute.

(b)  After removal, thesurface shall be wiped dry with a soft cloth and
shall not show any visible change which would reduce its effective
performance.

Test for @vancewarning triangles:

Thetriangle and its protective cover shall be immersed separately in a tank
contaning a mixture of 70 per centleptane and 30 per cent toluene.

(a)  After 60 seconds they shall be removed from the tank and drained of
excess liquid.

(b)  The triangle shall then be placed in its cover and the unit shall be laid
flat in a still atmospere.

(c)  When completely dried, the triangle shall not adhere to its protective
cover, and there shall be no visually noticeable change on its surface
and shall not present apparent detrimental modifications; however,
slight surface cracks may balerated.
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Annex 10

Resistance to lubricating oils

1.

1.1.

Test procedure in the case of moulded plastics reflectors as ClasdBs
A, IlIB, IVA and advance warning triangle tgpe 1

The outer surface of theetroreflective deviceand, in particular, the
illuminating surface, shall be lightly wiped with a cotton cloth soaked in a
detergent lubricating oil. After about 5 minutes, the surface shall be cleaned.
The CIL shallthen be measurgénnex 4 or Annex 1%
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Resistance to corrosion (ISO Standard 3768)

1.

3.1.

3.1.1.

3.2.

3.2.1.

Retroreflective device must be so designed that they retain the prescribed
photometric and colorimetric characteristics despite the humidity and
corrosive influences to which they are normally exposed. The resistance of
the front surface to tarnishing and of the protection of the rear face to
deterioration shall be checked, pautarly when an essential metal
component seems liable to be attacked.

Theretroreflective deviceor the lamp if the device is combined with a light,
shall be stripped of all removable parts and subjected to the action of a saline
mist for a period H50 hours, comprising two periods of exposure of 24 hours
each, separated by an interval of two hours during which the sample is
allowed to dry.

The saline mist shall be produced by atomizing, at a temperature of
35°C + 2°C, a saline solution obtasat

In the case of moulded plastics reflectors as Clagseld, IlIA, IIB, IVA
and advance warning triangle of type

by dissolving20 + 2 parts by weight of sodium chloride in 80 parts of
distilled water containing not more than 002 cent ofmpurities.

Immediately after completion of the test, the sample must not show signs of
excessive corrosion liable to impair the efficiency of the device.

In the case of a sample unit of retedlective marking

By dissolving 5 parts by weght of sodium chloride in 95 parts of distilled
water containing not more than 0.08r cent of impurities.

Immediately after completion of the test, the sample shall show no sign of
corrosion liable to impair the efficiency of the marking.

The coefficient of retrereflection R' of the retroeflective areas, when
measured after a recovery period of 48 hours as specified in Annex 7, at an
entrance angleob®5 and an observation angl e
than the value imable 9or more than the value ifable 10respectively.
Before measuring, the surface shall be cleaned to remove salt deposits from
the saline mist.
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Annex 12

Resistance of the accessible rear face of mirrdrackedretro -
reflective devices

1.

Resistance of the accessible rear face of mbemked retroreflective
devices, in the case of moulded plastics reflectors as Classes IA, IB, A,
I1IB, IVA and Advancewarning triangle of type.1

The reverse side of thetroreflective deviceshall be bushed with a hard
nylon brush.

After having brushed in the case of moulded plastics reflectors as Classes IA,
IB, IIA, 11IB and IVA the rear face of theetroreflective devicea cotton

cloth soaked in the mixture, defined Amnex 9shall be applied to the said
rear face for one minute. The cotton cloth is then removed ancetiee
reflective devicdeft to dry.

After having brushed, in the case obuhded plastics reflectors of Advance
warningtriangle of type 1the reverse side of thretro-reflective deviceshall
thenbe covered or thoroughly wetted for one minute witmixture defined

in Annex 9 The fuel shall then be removed and the deviaanadtl to dry.

As soon as evaporation is completed, the reverse side shall be brushed with
the same brush as before.

The CIL shall then beneasured (Annex 4 or Annex 1ldjter the whole
surface of the mirrebacked rear face héigen covered with Indfaink.

In the case of the retn@flector of anAdvance warning triangle of type the

CIL shall not have diminished by more than 40 per cent of the values
recorded before the test. This test is not applicable for fluorescent retro
reflecting material.
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Resistance to weathering

1.

1.1.

12.

13.

14.

1.5.

16.
16.1.

16.2

22.

Resistance to weathering in the case of sample units of-redlective
marking devices

Procedure- For each test, two specimens of a sampié are taken. One
specimen shall be stored in a darkdalry container for subsequent use as
"reference unexposed specimen".

The second specimen shall be subjected to a source of illumingitiora
temperature and irradiation test described\imex 22, if required in in the
relevantparagrapltb. of this Regulation

(@) Theretroreflector orretroreflective material shall be exposedtil
blue standardNo. 7 hasfaded to No4 on the greycaleblue standard
No. 7.

(b)  The fluorescent matetiar fluorescent / retroeflective material shall
be exposed until blue standard No. 5 has faded totMm the grey
scale.

After the test, the specimen shall be washed in a dilute neutegdat
solution, dried and examined for conformity with the requirements specified
in paragraph4.4. and1.5.

Visual appearance

No area of the exposed specimen shall show any evidence of cracking,
scaling, splitting, blistering, delamination, digion, chalking, staining or
corrosion.

The sample shall not exhibit any visible damage such as cracks, scaling or
peeling of the fluorescent or of the fluorescent re@ftecting material.

Colour fastness

The colours of the exposed specimen shall still meet the requirements
specified in theparagraph 5o0f this Regulationfor the correspoding retre
reflective device.

Effect on the coefficient of retrmeflection of the retraeflective material:

For this check, measurements shall be made only at an observation angle of
U= 20" and an entrance angle o5 by the method given in Annek

The coefficient of retrgeflection of the exposed specimen when dry shall be
not less than 80 peent of the value iparagraph 5of this Regulation

Resistance to weathering in the case of advance warning triangles

Test of the weatheresistance of the luminance factor and of the colour of the
fluorescent (advance warning triangle of tyfg and fluorescent retro
reflecting (advance warning triangle of type 2) materials.

One of the samples of the fluorescent material submitted according to
paragraph 3. of this Regulationshall be subjected to a temperature and
irradiation testas described in Annex 9 until the contrast Moof the grey
scale has been reached for the reference sample No. 5 lgghthexposure
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23.

24.

25.

equivalents for blue wool light fastness referersanple No5 to fade to the
grey scale 4 for exposure by a Xerane amp has been reached.

For aretroreflective device withtthe fluorescent materiahfter this test, the
colour coeordinates and the luminance factor (see paragrgmhall comply
with the specificationin the paragraph.®f this Regulation

The luminance factoshall comply withparagraptb. of this Regulatiorand
shall not have increased by more than 5 per cent compared with the value
ascertained according paragraplb. of this Regulation

If the fluorescent material is an adhesive filhich had already successfully
passed the aboweentioned tests in a previous approval test, the test need
not be repeated; a corresponding note shall be entered under item 12
("Remarks") in the communicatiaoncerning approvdAnnex 1).

Test of theweathefresistance of the luminance factor and of the colour of the
fluorescent (advance warning triangle of type 1) and fluorescent- retro
reflecting (advance warning triangle of type 2) materials.
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Stability of photometric properties

1.

The approval granting authority has the right to test the optical properties
stability of a retrereflecting material in use (when used foarking or as
distinctive markings/graphics).

The Type Approval Authoritie®f Contracting Parties, in which the approval
was grantedmay undertake the same tedfs'systematic failures in use"
occur for a type of retroeflective material, théested material samples shall
be transferred for appraisal to the authority which granted approval.

If other criteria are missing, the notation "systematic failures in use" for a
type of retrereflective material is to be established according to papdud.

The authority which granted approval shall have the right to check the
stability in time of the optical properties of a type of rear marking plate in
service.

The Type ApprovalAuthorities of countries other than the country in which
approvalwas granted may carry out siani checks in their territonjf a type

of rear marking plate in use exhibits a systematic defect, the said authorities
shall transmit to the authority which granted approval, with a request for its
opinion, any componentsmeved for examination.

In the absence of other criteria, the concept of "systematic defect” of a type of
rear marking plate in use shall be interpreted in conformity with the intention
of paragraptb.
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Annex 15

Resistance to cleaningn the case of a sample unit of retro-
reflective marking devices

1. Manual cleaning

A test sample smeared with a mixture of detergent lubricating oil and
graphite shall be easily cleaned with@amage to the retmeflective surface
when wiped with a mild aliphatic solvent such abaptane, followed by
washing with a neutral detergent.

2. power washing

When subjected to a continuous spraying action for 60 seconds on the test
component in & normal mounting conditions, a test sample shall show no
damage to the retreflective surface or delamination from the substrate or
separation from the sample mounting surface under the followingpset
parameters:

(@) Water/wash solution pressure ®2MPa,;
(b)  Water/wash solution temperature 6 °C;
(c)  Water/wash solution flow rate 7 £ 1 I/min;

(d)  The tip of the cleaning wand to be positioned at distance of 600 + 20
mm away from the retreeflective surface;

(e) Cleaning wand to be held at noegter angle than 45 degrees from
perpendicular to the retneflective surface;

)] 40-degreenozzle creating wide fan pattern.
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Bonding strength

1.

1.1.

1.2.

1.3.

2.1

2.2,

2.3.

24,

Bonding strength (in the case of adhesive materials) for -refiecting
markings

The adhesion of retreeflective materials shall be determined after 24 hours
curing time by utilising a90-degree peel on a tensile strength testing
machine.

The retroreflective materials shall not be easily removable without damaging
the material.

The retrereflective materials shall need a force of at least 10 N per 25 mm
width at a constant speed of 300 mm per minute to be removed from their
substrate.

Bonding strength (in the case of adhesive materials) for -refiective
material for rear marking plates

The adhesion of retreeflective materials shall be determined after 24 hours
curing time by utilizing a 9@egree peel on a tensile streng#sting
machine.

The adhesion of laminated or coated re#flective and fluorescent materials
shall be determined.

The coated materials, of whatever kind, shall not be removable without tools
or without damaging the material.

The laminatednaterials (adhesive films) shall need a force of at least 10 N
per 25 mm width, at a speed of 300 mm per minute, to be removed from the
substrate.



ECE/TRANS/WP.29/2018159Rev.1

Annex 17

Flexing - Retro-reflecting Markings
1. For samples that are to be adhered to a flexible substrate, i.e. tarpaulin, the
following shall apply:

2. A specimen of the sample unit that measures 50 mm by 300 mm shall be bent
once lengthwise, around a 3.2 mm mandrel witthesive contacting the
mandrel for a period of 1 second.

3. The test temperature shall be 23*°@ °C.

Note: For ease of testing, spread talcum powder on the adhesive to prevent
sticking to the mandrel.

4, After this testthe specimen shall not have ckiitg of the surface and shall
not show any visible change that would reduce its effective performance.
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Resistance to impact

1.

Rear marking plates (except for plasticesnercube reflectors)

When a 25mm diameter solid steel ball is dropped from a height of 2 m onto
the retrereflective and fluorescent surfaces of a supported plate, at an
ambient temperaturef 23 + 2°C, the material shall show no cracking or
separatia from the substrate at a distance of more thannb from the
impacted area.

Retroreflective devices of thElassIVA

Theretroreflective deviceshall be mounted in a manner similar to the way in
which it is mounted on the vehicle, but with the Iéased horizontal and
directed upwards.

Drop a 13mm diameter polished solid steel ball, once, vertically onto the
central part of the lens from a height of 0.76 m. The ball may be guided but
not restricted in free fall.

When aretroreflective deviceis tested at room temperature with this
method, the lens shall not crack.
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Annex 19

Rigidity of plates

1.
1.1

1.2.

2.2,

2.3.

Classed, 2, 3, 4and5

The rear marking plate shall be placed on two supports in such a way that the
supports are parallel to the shorter edge of the plate and the distance from
either support to the adjacent edge of the plate shall not exceed L 10, where L
is the greater ovetatlimension of theplate. The plate shall then be loaded
with bags of shot or of dry sand to a uniformly distributed pressure of 1.5
kN/m?. The deflection of the plate shall be measured at a point midway
between the supports.

When tested as describadparagraph 1. above, the maximum deflection of
the plate under the test load shall not exceed one twentieth of the distance
between the supports in paragraph 1. and the residual deflection after removal
of the load shall not exceed one fifth of the meaduleflection under load.

ClassSMV

The triangular plate shall be strongly held on one of its long sides, with the
clamps of the holding device not eaaching over more than 20 m#.force
of 10N perpendicular to the plane shall be applied tofp®site apex.

The apex shall then not move in the direction of the force by more than
40 mm.

After removal of the force, the plate shall visibly return to its initial position.
The residual defleatn shall not be more than 5 mm.
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Annex 20

Further t est procedures for AdvanceWarning Triangles of
Type 1 and 2

1. Test of clearance to ground
1.1. The advance warning triangle shall be required to pass the folldgstg)

1.1.1. For this test, the apparatus showrFigure A5-X, which has the form of an
inverted hollow pyramid, shall be placed on a horizontal base plane.

1.1.2. The individual supports to the ground shall be placed one after another in the
square ha s of the test apparatus. During the test of each support, it shall be
required to find a position of the test apparatus in relation to the advance
warning triangle and its supporting device, which is favourable for the
triangle and which ensures that:

1.1.2.1. All supports are resting simultaneously on the base plane,

11.2.2. Outside the area covered by the test apparatus, the distance between the base
plane and parts of the triangle as well as of the supporting device is at least
50 mm (with the excepin of the supports proper).

2. Mechanical solidity test

2.1. When the advance warning triangle has been set up as required by the
manufacturer and its bases are firmly held, a force of 2 N shall be applied to
the apex of the triangle parallel to the supimgr surface and normal to the
lower side of the triangle.

2.2 The apex of the triangle shall not move more than 5 cm in the direction in
which the force is exerted.

2.3. After the test, the position of the device shall not be significantly different
from its original position.

3. Test of heat and loemperature resistance

3.1 The advance warning triangle, in its protective cover, if provided, shall be
kept for 12 consecutive hours in a dry atmosphere at a temperature of
60°C + 2°C.

3.2. After the te§ no cracking or noticeable distortion of the device shall be

visible; this applies in particular to thetro-reflective deviceThe cover shall
be readily openable and shall not adhere to the triangle.

3.3. After the heatesistance test and subsequstntage for 12 consecutive hours
at a temperature of 22 + 5°C, the advance warning triangle, in its
protective cover, is to be kept for another 12 hours in a dry atmosphere at a
temperature 0f40°C + 2°C.

3.4. Immediately after removal from the cotdom, no fractures or any visible
distortion shall be noticeable on the device and especially on its optical parts.
The protective cover, if provided, shall be properly openable, and it shall
neither tear nor adhere to the advance warning triangle.

4, Determination of the roughness of the road surface "sandy beach" method
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41.

41.1.

4.2.

42.1.

42.2.

43.

43.1.

43.2.

43.3.

4.3.4.

ok

Purpose of the method

The purpose of this method is to describe and to determine to a certain extent
the geometric roughness of that part of the road surface on which thecadva
warning triangle is placed during the test of stability in wind, as required
according to Annex 5, paragraph.10

Principle of the method

A known volume V of sand is spread evenly on the surface of the
carriageway in the form of a circl€he ratio of the volume used to the area S
covered is defined as "mean sand depth" HS and is expressed in mm:
HS:X

S
The test is carried out by means of rotgrdin, dry sand and having a grain
size between 0.160 mm and 0.315 mm. Thelume amounts to
25 ml + 0.15 ml. The sand is spread out over the surface where the test is
carried out by means of a flat, circular disc with a diameter of 65 mm, one
side of which is covered with a sheet of rubber having a thickness of 1.5 mm
to 2.5 nfm and the other being provided with an appropriate handle. If the
diameter of the circular area covered with sand is D mm, the mean sand
depth will be calculated in accordance with the formula:

HS=£(§2—§C103 mm
p D

Performance of the test

The surface on which the test is to be carried out shall be dry and at first be
brushed with a soft brush to remove any dirt or loose gravel.

The sand which has been firmly filled into an appropriate receptacle is then
poured out on the surface to bested in a single heap. The sand is then
carefully spread out on the surface by means of repeated circular movements
of the rubber faced disc so as to form the largest possible round area covered
with sand.The sand will then fill all depressions and hul

Two diameters, at right angles to one another, of the "beach” thus formed are
usually measured. The mean value is rounded off to the nearest 5 mm, with
the depth of the sand HS being calculated according to the formula given in
paragrapht.2.2

Six tests of this kind are carried out on the supporting surface, with the parts
to be tested being distributed over the surface to be tested as evenly as
possible. The overall mean of the results obtained is given as the mean sand
depth HS of theaad surface where the advance warning triangle has been
placed.

Test of stability against wind

The advance warning triangle shall be set up in a wind tunnel, on a base
measuring about 1.50 m by 1.20 m with a surface formed of abrasive material
of the type P36 corresponding to the FEP#pecificatior43-1-2006. This

surface shall be characterised by its geometric roughness, HS = 0.5 mm %+

FEPA: Federation of European Prodtgof Abrasives, 20 Avenue Reille, 75014 Paris, France.
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52.

5.3.

54.

55.

0.05 mm, which shall be defined and determined by thealled "sandy
beach" method according to Annex 4tlois Regulation

To avoid a laminar boundary layer of the incident flow over the surface of
the base, this base shall have a splitter plate and shall be set up in such a way,
that the flow is completely around the plate.

For the air flow the following catitions shall apply:

(@) The air stream shall reach a dynamic pressure of 180 Pa; and shall
have a flow field which shall be homogeneous and free of turbulence;

(b)  The dimension of the flow field shall be such, that horizontally to each
corner and vertidato the top of the advance warning triangle a
clearance of at least 150 mm to the border line of this flow field shall
exist;

(c)  The air stream (flow field) shall be parallel to the supporting surface,
in a direction which seems to be most unfavouratndtfe stability;

(d) In the case of a closed wind tunnel, the area of the advance warning
triangle shall be not larger than 5 per cent of the area-semt®on of
the closed wind tunnel.

When set up in this manner, the advance warning triangle lehalibjected
for 3 minutes to thispenair stream.

The advance warning triangle shall neither overturn nor shift. Slight shifting
of the points of contact with the road surface by not more than 5 cm,
however, shall be allowed.

The retrareflecing triangular part of the device shall not rotate through more
than 10° round a horizontal axis or a vertical axis from its initial position.
The rotation around the horizontal axis or the vertical axis shall be
determined by the aid of a virtual planetlag initial position of the retro
reflecting triangular part of the device, which is orthogonal to the base and
orthogonal to the air stream.



ECE/TRANS/WP.29/2018159Rev.1

Annex 21

Colour-fastness of retro -reflective devices of the Classes IA,
IB, lIIA, llIB and IVA

1.

The Type Approval Authority which granted approval shall have the right to
check the coloufastness of a type oétroreflective devicen service.

The Type ApprovalAuthorities of countries other than the country in which
approval was granted may carry out similar checks in their territory. If a type
of retroreflector in use exhibits a systematic defect, the said authorities shall
transmit any compnents removed for examination to the Type Approval
Authority which granted approval, with a request for its opinion.

In the absence of other criteria, the concept "systematic defect" of a type of
retroreflector in use shall be interpreted in confaynwith the intention of
paragraph 9.1. ghis Regulation

1 Despite the importance of tests to check the ceflastness of retroeflective devices, it is in the
present state of the art not yet possible to assess dakiness by laboratory testsliofited

duration.
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Colour fastness to artificial light - Xenon-arc lamp test

1. Scope
This annex specifies a method intended for determining the resistance of the
colour of test samples of all kinds and in all forms to the action aftifitial
light source representative of natural daylight (D65).

2. Principle
A specimen of the test samples to be tested is exposed to artificial light under
prescribed conditions, along with a blue wool reference as specified.

3. Reference materials
The colour fastness ratings mentioned in this annex are obtained by
comparison unexposed with exposed specified blue wool references for
verification of the radiation dose as a required maximum conimnastis
UN Regulation

3.1. Blue wool referencesedeloped and produced in Europe are identified by the
numerical designation 1 to 8. These references are blue wool cloths dyed
with the dyes listed iTable A22-1. For thetest procedure ahis Regulation
describedy this annex only the blue wool refeoss 5 and 7 will be applied
as described in Tabke22-1.

TableA22-1

Dyes for blue wool references 5 and 7

Reference Dye (Colour Index designatio)
5 Cl Acid Blue 47
7 Cl Solubilised Vat Blue 5

1 The Colour Index (third edition) is published by Theciety of Dyers and Colourists, P.O. Box
244, Perkin House, 82 Grattan Road, Bradford BD1 2JB, UK, and by The American Associi
of Textile Chemists and Colorists, P.O. Box 12215, Research Triangle Park, NCZZIA)9

USA.

5.1.

Grey scale

The grey scaldor determining changes in colour of test samples in colour
fastness tests. A precise colorimetric specification of the scale is given in
Appendix 1 to this annex.

The use of the scale is described in paragrapfi 2ppendix 1 to this annex.
Xenan-arc lamp apparatus

The apparatus shall be either an-aipbled or watecooled Xenorarc
weathering device capable of exposing samples in accordance with EN 1SO
48922.

The exposure conditions shall comply with the requirements in the Table
A22-2.
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TableA22-2
Artificial weathering test parameters
Exposure parameters Airi cooled lamp Wateil cooled lamp
Light/dark/water spray cycle | Continuous light without water, Continuous light without
spray water spray
Black standard temperature | (47 £ 3) °C using a black (47 £ 3) °C using a black
during light onlyperiods standard thermometer standard thermometer
Relative humidity Approximately 40 % Approximately 40 %
Filters Window glass filters Window glass filters
requirements see requirementsee paragraph
paragraph 5.2. 5.2.

rradiance (W/m2) controlled at

Over 300nm to 400nm range 42+2 42+2

Over 300nm to 800nm range 550 630

Note 1 Water used for the specimen spray should contain no more than 1 ppm silica. Highe
of silica can produce spottiran samples and variability in results. Water of the required purity
can be obtained by distillation or by a combination of deionization and reverse osmosis.

Note 2 While irradiance levels should be set at the above levels, variations in filter ages anc
transmissivity, and in calibration variations, will generally mean that irradiance error will be i
order of = 10 per cent.

5.2 Light source

The light source shall consist of a xenon arc lamp of correlated colour
temperature 5500 K to 6500 K, the size of which will depend on the type of
apparatus used. The xenart lamp shall use filters that provide a reasonable
simulation of solar radiatiofiltered by typical window glass. Table 3 gives
the relative spectral irradiance requirements for the filtered xarmonlt is

the responsibility of the supplier of the exposure device to provide necessary
certification that the filters that they supplgrfuse in the exposure tests
described in this standard meets the requirements of Azi2l3.
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TableA22-3
Relative spectral irradiance requirements for window glass filters a, b, c, d, e used for the Xenon
arc devices used in this standard.

Spectral Bandass CIE No.85, Table 4 plus windoy

Wavel ength Minimum% © glass %" ¢ Maximum% ©
| <300 0.29
300 O & O 0.1 o1 2.8
320 < & O 23.8 331 355
360 < & 04 62.4 66.0 76.2

a Data in TableA22-3 is the irradiance in the given bandpass expressed as a percentagt
total irradiance from 290 nm to 400 nm. To determine whether a specific filter or set of filter:
xenonarc meets the requirements of TaBR2-3, the spectral irradiance fro2b0 nm to 400 nm
must be measured. The total irradiance in each wavelength bandpass is then summed an
by the total irradiance from 290 nm to 40G.

b The minimum and maximum data in Tab¥22-3 are based on more than 30 spec
irradiance measaments for water anair-cooledxenonarcs with window glass filters of variou
lots and ages. Spectral irradiance data is for filters and xemawers within the ageing
recommendations of the device manufacturer. As more spectral irradiance data besitabiea
minor changes in the limits are possible. The minimum and maximum data are at least tf
sigma limits from the mean for all measurements.

¢ The minimum and maximum columns will not necessarily sum to 100 per cent becaus
represent the mimum and maximum for the data used. For any individual spectral irradianc
calculated percentage for the bandpasses in TABR3 will sum to 100 per cent. For an
individual xenorarc lamp with window glass filters, the calculated percentagedn leandpass
must fall within the minimum and maximum limits of Tali@2-2. Test results can be expected
differ between exposures using xereme devices in which the spectral irradiance differ by
much as that allowed by the tolerances. Contact theufacturer of the xenearc devices for
specific spectral irradiance data for the xemon and filters used.

d The data from Table 4 in CIE No. 85 plus window glass was determined by multiplyir
CIE No. 85, Table 4 data by the spectral transmittanfc® mm thick window glass (se
ISO11341). These data are target values for xearorwith window glass filters.

e For the CIE 85 Table 4 plus window glass, the UV irradiance from 300 nm to 400
typically about 9 per cent and the visible irradiang@0(nm to 800 nm) is typically about 91 p
cent when expressed as a percentage of the total irradiance from 300 nm to 800 n
percentages of UV and visible irradiances on samples exposed in xenon arc devices may '
to the number and reflectanpeoperties of specimens being exposed.

5.3. Light exposure equivalents for blue wool light fastness references for
exposure by a Xenearc lamp
TableA22-4
Blue wool reference
Blue wool reference 420nm 300 nni400 nm
No. kj/m2 kj/mz2
5 L6 340 13824
7 L8 1360 55296

For colour change of step 4 on the grey scale
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6.2

6.3.
6.4

6.5.

6.6.

6.7.

Procedure (blue wool references)

Place the test samples mounted on the holders in the apparatus and expose
them continuously to weathering following the method described below.

At the same time expose the blue wool references mounted orboard,
cover onethird of each.

Only one side of the test samples shall be exposed to weathering and light.

While the specimens are drying, the air in the test chamber shall not be
moistened.

Note: The actual conditions of the weathering test depend on the kind of test
apparatus used.

Before mounting the tested specimens for assessment, dry them in air at a
temperature not exceeding 60°C.

Trim and mount the exposed blue waeference so that they measure at
least 15 mm x 30 mm, one on each side of a portion of the original which has
been trimmed to the same size and shape as the specimens.

Unexposed samples of original fabric identical to those being tested are
requiredas references for comparison with the specimens during weathering.
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Annex 22 - Appendix 1

Definition of the Grey Scale

This section describes the grey scale for determining changes in colour of test samples in
colour fastness tests, and its use. A precise colorimetric specification of the scale is given as
a permanent record against which newly prepared ingrktandards and standards that
may have changed can be compared.

1. The essential, or-5tep, scale consists of five pairs of rglossy grey colour
chips (or swatches of grey cloth), which illustrate the perceived colour
differences corresponding to fasss ratings 5, 4, 3, 2 and 1. This essential
scale may be augmented by the provision of similar chips or swatches
illustrating the perceived colour differences corresponding to thestedf
fastness ratings-8, 34, 23 and 12, such scales being terché-step scales.

The first member of each pair is neutral grey in colour and the second
member of the pair illustrating fastness rating 5 is identical with the first
member. The second members of the remaining pairs are increasingly lighter
in colour so tht each pair illustrates increasing contrasts or perceived colour
differences which are defined colorimetrically. The full colorimetric
specification is given below:

1.1. The chips or swatches shall be neutral grey in colour and shall be measured
with a spectrophotometer with the specular component included. The
colorimetric data shall be calculated using CIE standard colorimetric system
for llluminant D65;

1.2. The Y tristimulus value of the first member of each pair shall be 12 + 1;
1.3. The second membesf each pair shall be such that the colour difference
between it and the adjacent first member is as follows.

TableA22-5

CIE-Lab difference in relation to the Fastness grade
Fastness grade CIE-Lab difference Tolerance
5 0 0.2
(4-5) 0.8 +0.2
4 1.7 +0.3
(3-4) 25 +0.35
3 34 0.4
(2-3) 4.8 +0.5
2 6.8 +0.6
(1-2) 9.6 +0.7
1 13.6 +1.0
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Note 1 Bracketed values apply only to thes&p scale.
Note 2 Use of the scale:

Place a piece of the original blue reference and the exposed specimen of itssdieibythe same
plane and oriented in the same direction. Place the grey scale nearby in the same plane. Tt
surrounding field should be neutral grey colour approximately midway between that illustrati
grade 1 and that illustrating grade 2 of the gmfesfor assessing change in colour (this is
approximately Munsell N5). llluminate the surfaces with north sky light in the Northern
hemisphere, south sky light in the Southern hemisphere, or an equivalent source with an
illumination of 600 Ix or more. Thight should be incident upon the surfaces at approximately
45°, and the direction of viewing approximately perpendicular to the plane of the surfaces.
Compare the visual difference between original and exposed blue standard with the differer
represered by the grey scale.

If the 5-step scale is used, the fairness rating of the specimen is that number of the grey sca
which has a perceived colour difference equal in magnitude to the perceived colour differen
between the original and the treated specis; if the latter is judged to be nearer the imaginary
contrast lying midway between two adjacent pairs than it is to either, the specimen is given
intermediate assessment, for exampiear 23. A rating of 5 is given only when there is no
perceivedlifference between the tested specimen and the original material.

If the 9-step scale is used, the fastness rating of the specimen is that number of the grey sc:
which has a perceived colour difference nearest in magnitude to the perceived coloemadiffer
between the original and the tested specimens. A rating of 5 is given only when there is no
perceived difference between the tested specimen and the original material.
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Description of the measurement geometry for measurement
of the colour and the luminance factor of fluorescent retre
reflective materials

Micro-prismatic materials show the phenomenon of "flares" or "sparkles" (Note 1), which
might influence the measured results unless special precautions are taken. A reference
method, using the wider apertures of the CIE 45°a:0° (or 0°:45°a) geometmpdizdd in
paragraph 12. of Annex 5.

Ideally, the measurements shall be made using the CIE 45°a:0° (or 0°:45°a), called the forty
five annular / normal geometry (or the normal/ fefitie annular geometry) defined in CIE
15. The measurement area shallbi@imum 4.0cm2.

For this geometry CIE 15 recommends that:

(@) The sampling aperture be irradiated uniformly from all directions between two
circular cones with their axes normal to the sampling aperture and apices at the
centre of the sampling aperturbetsmaller of the cones having a half angle of 40°
and the larger of 50°

(b)  The receiver uniformly collects and evaluates all radiation reflected within a cone
with its axis on the normal to the sampling aperture, apex at the centre of the
sampling apetire, and a half angle of 5°.

The annular geometry can be approximated by the use of a number of light sources in a ring
or a number of fibre bundles illuminated by a single source and terminated in a ring to
obtain the CIE 45°c:0° (circumferential / norngglometry) (Note 2, Note 3).

An alternative manner of approximation is to use a single light source, but rotate the sample
during measurement with a rotational speed that ensures that a number of revolutions takes
place during the exposure time interval fomeasurement so that all wavelengths are given
equal weight (Note 2, Note 3).

In addition, the apertures of the light source and the receiver shall have sufficient
dimensions in proportion to distances to ensure a reasonable compliance with the above
mentioned recommendations.

Note 1 "Flares" or "sparkles" are caused by characteristic paths of rays that enter and
leave the sheeting surface at different angles. A characteristic path will dominate by raising
the luminance factor value significantly ammbssibly distorting the chromaticity €o
ordinates if it is included within narrow beams of illumination and measurement. However,
the average contribution to the daylight reflection is normally small.

Note 2 In practice the recommendations can be apgprated only. The important
issue is that the annular principle is applied and that illumination and collection occur in
directions forming fairly large solid angles, as this will reduce the influence of the-above
mentioned "sparkles" of micsprismatic magrials and of other variations with the precise
geometry shown by some of these materials.

Note 3 In spite of such precautions, the practical difficulties of establishing the
annular geometry in accordance with the recommendations introduce uncertainty of
measurement.
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Annex 24

Examples of approval marks

FigureA 24-1
Marking for single devices

Model A

%@//A 022\6

(

Model B
02276 a = see Table
Model C
A _61/—3—¢——III A
ol (BE4)zz1
02216 EV[RRD]RM - 22179

Note The above approval number must be placed close to, but in any position in relation
to, the circle surrounding the letter "E". The digits constituting the approval humber must
face the same way as the "E". The group of symbols indicating the class must be
diametrically opposite the approval numb&he Type Approval Authorities shall avoid
using approval numbers IA, IB, I1IAIIB and IVA which might be confused with the class

symbols IA, IB,IIIA, 11IB and IVA.

These sketches show various possible arrapgesvand are given as examples only.

The above approval mark affixed taetro-reflective deviceshows that the type of
device concerned has been approved in the Netherlands (E 4) under approval number
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02216. The approval number shows that approval wasted in accordance with the
requirements of the Regulation as modified by the 02 series of amendments.
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FigureA24-11
Simplified marking for grouped, combined or reciprocally incorporated devices
Mo d e |
: 3333
|
'
|
1 —> 1A 2a R
: 02 00 01
|
|
|
1
|
I F AR s2
! 00 00 01
Mo d e |l
Coo T T A 2a R
| 02 00 o1
I F AR S2
| 00 00 O1
! 3333
|
|
.
| -
|
|
L o e
Mo d e
A | 2a| R
02| 00| 01
F|AR| s2
00 | 00 | 01
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Note The three examples of approval marks, models D, E and F, represent three possible
variants of the marking of a lighting device when two or more lamps are part of the same
unit of grouped, combined or reciprocally incorporated lamps.

Figure A24ll
Arra ngement of the approval mark for retro-reflective marking material

a3yt  C

A

a WI&UZ

A 4

a3t 104R-0001148

a =see Table 2

Figure A241V
Arrangement of the approval mark for rear marking plates and SMV

a3t RF

A

a WI&UZ

h 4

a3t  [RRD]R04 - 22179

a=see Table 2

Figure A24V
Arrangement of the approval mark for advance warningtriangle

alB% (027R-04216

»

a T a3 Ia/2

a=see Table 2
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Annex 25

Guidelines for installation of rear marking plates on slow
moving vehicles (by construction) and their trailers

1. |t is recommended to the-mGoivegnmehisl|l es re
whi ch, by constructi on, cannot travel fast
pl at es -rhoowi ngl owe hi cl es and tlmeitrhitsrail er s
Regul ation and the specific requirements r
with the guidelines given in this annex.

2. Scope
The mai n purpose of t hese gui delines i s w
install ati on, arr angevniesnitbhi lpasyi tafonr eaanrd ngaer
pl ates -mowisgowehicl es and their trail ers
cannot travel faster than 30 km/ h. |t i nc
easy identification of these vehicles.

3. Number
At | east one.

4 . Arrangemen
The rear marking plate(s) shall be type ap
ot his Regul ation
The apex of a rear marking plate shall be d
Every part of a rear moafr kd ntgr @od savt eer sseh av d r tl il
pl ane at right angles to the Il ongitudinal
the rear.

5. Position
I'n widtlhf: there is only one rear mar king p

opposite side of the medlian [ ongitud

to the direction of traffic prescr |
registration.

I n hei gAtbtoove t he ground, not | ess than 250
more than 1,500 mm (upper edge).
of

I'n | engAtth:t he rear the vehicle.

6 . Geometric visibility
Hori zont a3 0iaxnwgalred:s and outwards, covering &
constructional parts of the vehicl
the rear marking plate surface is

Vertical Ilabadgloev:e and bel ow the horizontal;

Orientatiroenar war ds.
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