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Foreword
The Technical test conditions for marking systems (the ‘Technischen Prüfbedingungen für Markierungssysteme’) were developed by the German Federal Highway Research Institute (the ‘Bundesanstalt für Straßenwesen’) under assignment from the German Federal Ministry of Transport and Digital Infrastructure (the ‘BMVI’) and coordinated with marking specialists from the federal states of Germany. Industry input was collected before publication by the German Road Marking Research Institute (the ‘DSGS eV’).
The obligations arising from Directive (EU) 2015/1535 of the European Parliament and of the Council of 9 September 2015 laying down a procedure for the provision of information in the field of technical regulations and of rules on Information Society services (OJ L 241 of 17.9.2015, p. 1) have been met.
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1. General information
The Technical test conditions for marking systems (the ‘TP M’) set out the requirements for suitability tests on permanent (white) and temporary (yellow) markings made up of marking systems. The provisions of this TP M are based on test standard DIN EN 13197. They refine these in several points and/or indicate which of the parameters possible under DIN EN 13197 apply in Germany. If a particular section does not draw a distinction, the provisions in question apply to both permanent and temporary markings.
The marking materials and additives used for the markings must meet the Technical terms of delivery for marking materials (the ‘TL M’). In addition, markings must also adhere to the Additional technical contractual conditions and guidelines for road markings (the ‘ZTV M’).
Building materials and building material mixtures for road markings lawfully manufactured and/or placed on the market in another Member State of the European Union or in Turkey, or lawfully manufactured in an EFTA State that is a party to the EEA Agreement, are authorised in Germany provided they permanently guarantee a level of protection that corresponds to the level defined in the Additional technical contractual conditions and guidelines for road markings (the ‘ZTV M’) and the Technical terms of delivery for marking materials (the ‘TL M’).
2. References to standards
The following cited documents are necessary for application of this document. For dated references, only the referenced edition of the document shall apply. For undated references, the most recent edition of the referenced document shall apply.
DIN EN 1423 Road marking materials - Drop-on materials - Glass beads, anti-skid aggregates and mixtures of the two
DIN EN 1424 Road marking materials - Premix glass beads
DIN EN 1436 Road marking materials - Road marking performance for road users
DIN EN 1790: 2013 Road marking materials - Preformed road markings
DIN EN 1871: 2000 Road marking materials - Paint, thermoplastic and cold plastic materials - Physical properties
DIN EN 12802: 2011 Road marking materials - Laboratory methods for identification
DIN EN 13036-1
Road and airfield surface characteristics - Test methods – Part 1: Measurement of pavement surface macrotexture depth using a volumetric patch technique
DIN EN 13197: 2014 Road marking materials - Wear simulator
DIN EN ISO 11885: 2009 Water quality - Determination of selected elements by inductively coupled plasma optical emission spectrometry (ICP-OES)
ISO 2811-1: 2011 Paints and varnishes - Determination of density - Part 1: Pyknometer method
ISO 11466 Soil quality - Extraction of trace elements soluble in aqua regia
TL M German technical terms of delivery for marking materials
ZTV M German additional technical contract conditions and guidelines for road markings
3. Terms and definitions
The terms and definitions for marking materials and additives are provided in the TL M.
Marking systems consist of marking materials and corresponding additives and are applied to special test plates for the suitability test.
The suitability test on marking systems consists of a load test on the turntable testing system and a chemical/physical test (prototype testing).
Theapplicant is the party requesting the suitability test and indicated as the responsible contact for the accredited testing laboratory.
The materials manufacturer is the party that manufactures and markets the marking materials.
The drop-on materials manufacturer is the party that manufactures and markets the drop-on materials.
A test certificate is issued if the minimum national and European requirements are met.
A test confirmation is issued if the minimum European requirements are met.
4. Load testing on marking systems
4.1. Turntable testing system
The turntable testing system (the ‘RPA’) consists of a horizontally positioned turntable with an outer diameter of 6.4 m. The circumferential speed is continuously adjustable up to a maximum of 120 km/h. It can turn in both directions. The edge of the turntable is fitted with radially positioned housings for test plate attachment. The dimensions of the housings are based on the size of the test plates (see Section 4.1.2). The turntable is located in a fully air-conditioned and sealable room.
4.1.1. Wheels
The test plate load is provided by a specified number of wheels repeatedly rolling over them. The number of wheels, the tyre type, the wheel load, the tyre pressure, the camber and the skew affect the load on the test plate.
In principle, the load is in accordance with DIN EN 13197 with 2 wheel pairs. The wheels of a wheel pair are opposite one another. If comparable results are obtained with 4 wheel pairs, then it is permitted to deviate from the above and test with 4 wheel pairs instead of 2. Results may be considered comparable if the day and night visibility do not deviate by more than 15 % and the grip values do not deviate by more than ± 5 SRT units.
Every test starts with new tyres. Standard passenger vehicle tyres are used. The tyre size must be at least 205/60 to achieve a roll width of at least 150 mm. If the tyre type being used cannot be used any longer, then benchmark runs must be carried out to ensure that the new tyre type will produce comparable results. For the assessment of comparability, the same limits apply as when using 4 wheel pairs.
The turntable testing system must meet the following technical preconditions:
The wheel load must fall between 0 N and 4000 N. The tyre pressure must fall between 0 MPa and 0.3 MPa. Table 3 gives the preconditions for suitability testing on marking systems. The wheel attachment systems must enable adjustment of the skew with a tolerance ± 10’ and a camber with a tolerance of ± 1°. Before the start of a new test run, it is necessary to set the skew and the camber and check the tyre pressure. After every prolonged interruption in the test run, the parameters must be checked and, if necessary, adjusted.
4.1.2. Test plates
The marking systems being tested are applied onto special test plates. The test plates must be of adequate rigidity to ensure that surface properties do not change during testing and are maintained at temperatures of up to 50°C without obvious deformations or breakage. A bituminous material shall be used to manufacture the test plates (e.g. mastic asphalt). The roughness of the test plate surfaces is determined according to the method set out in DIN EN 13036-1. The roughness depth is ≤ 0.6 mm and corresponds to class RG 1 of DIN EN 13197. The size of the test plates is
Length:
397 mm (± 2 mm)
Width:
198 mm (± 2 mm)
Thickness:
48 mm (± 2 mm).
Attachment of the test plates in the housing ensures that the tops of the test plates are at the same level as the outer part of the housing, to prevent cracks. The same running surface must be provided without slippage or vibration and the test plates must be fixed in their housing.
4.1.3. Cleaning system
During the test, detached particles are removed by compressed air from the turntable to prevent interaction with the test samples.
In addition, the tyres may be cooled by atomised water during the test. In principle, tyre cooling is required for thermoplastics.
4.2. Preparation of test plates
4.2.1. Application
Various factors related to application affect the test, primarily the application type and the applied quantity, application direction and drying and/or curing conditions.
In principle, the marking system is applied as prescribed for its application in practice. The applicant must indicate all information required for this application, including all required components and their quantities as well as the application type. The application method (detailed description in Table 1) and all data determined during application are documented in an application log. The application is carried under the supervision of an accredited testing laboratory or by an agent authorised by one of the accredited testing laboratories. If desired, the applicant may attend the application.
Studies have shown that reactive systems consisting of 2 or 3 components (formula preparation ratio of 98:2 or 1:1), achieve comparable results in terms of transport properties and can be applied with either formula preparation ratio, taking into account manufacturer instructions. The formula preparation ratio is not indicated on the test certificate if the materials manufacturer confirms in writing before the start of the test that the marking material can be applied in a formula preparation ratio of 98:2 as well as in a formula preparation ratio of 1:1 without any difference in chemical composition. The 98 % component in the 2-component material corresponds to a mixture of components A and B from the 3-component material in a mixing ratio (corresponding formula preparation ratio) of 1:1. This does not apply to systems with curing-induced reflective beads (also known as ‘reactive beads’).
Unlike the detailed description of the application method in the application log, the simplified descriptions of the application techniques listed in Table 1 are indicated on the test certificate or test confirmation.
Table 1: Simplified description of application techniques according to the materials group used
	Simplified description of application techniques 
	Detailed description in the application log

	Materials group

	Guniting
	Airless
	Paints, thermoplastics and cold plastics

	
	Compressed air
	

	
	Online
	

	
	Airless with intermix beads
	

	
	Thermospray
	

	
	Path-dependent atomiser air
	

	
	Atomiser air with external mix - liquid curing agent
	

	Regular agglomerates
	Multi-dot line
	Cold plastic, thermoplastic

	
	Regular dots
	

	
	Hot-melt extruder
	

	
	Spotflex
	

	
	Extruder/special marker
	

	
	Visidot system
	

	Irregular agglomerates
	Extruder
	Cold plastic, thermoplastic

	
	Prestressed sheet-steel springs (Feichtner system)
	

	
	Perforated sheet
	

	
	Spiked roller
	

	
	Centrifuge techniques
	

	Full line
	Screed box
	Cold plastic, thermoplastic

	
	Extruder
	

	Full line with patterned surface
	Screed box + patterned roller
	Cold plastic

	
	Roller
	

	Rolled on
	Prime coat (primer), rolled on
	Films

	
	without primer, rolled on
	

	
	Bitumen plus, rolled on
	

	
	Asphalt plus, rolled on
	

	Preformed marking system
	Preformed marking system fusable with manual torch
	Thermoplastics,

	
	Preformed marking system fusable with manual torch, with additional thermoplastic dots
	possibly cold plastic as well in the future


The marking system is applied to 4 test plates. If the dryness must be determined, a fifth test plate is required. A test plate serves as a retained sample and defines the new condition. Three test plates are run over in the turntable testing system.
4.2.2. Application-specific measurements
The marking shall be applied at an air temperature of between +10 °C and +35 °C and a relative humidity of no more than 80 %. The air temperature and relative humidity shall be determined and documented immediately before the start of application.
The drying time before traffic readiness must be determined for paints and cold plastic materials according to the classes listed in Table 2 and documented along with the climatic conditions (ambient temperature, temperature of test plate surface and relative humidity). In principle, for thermoplastic markings, the drying time falls under class T2 (≤10 min.). A marking is ready for traffic if traffic does not cause any deformations to the marking material. The drying time
 must be determined as per DIN EN 13197, Appendix A.
Table 2: Traffic readiness classes
	Traffic readiness class
	T0
	T1
	T2
	T3
	T4

	Drying time in minutes
	NPD
	≤ 1
	≤ 10
	≤ 20
	≤ 30


During application of a marking system, the quantity actually applied to the test plate must be determined for the material and all additives.
The application quantity of a marking material is expressed in coat thickness. The coat thickness is determined as per DIN EN 13197, Appendix C. In some cases, application volume may be determined by successively weighing the test plate after application of different components (materials, drop-on materials). The material thickness is then determined based on the actual application quantity. The application mixture for agglomerates is determined by weighing out the material quantity without drop-on materials.
The results must be documented in the application log.
4.2.3. Sampling
For identification purposes, samples are taken from all marking materials, all components of multi-component materials and additives. Chemical/physical testing is conducted on the samples taken to identify the marking system.
4.2.4. Conditioning time
Solvent-based paints must first be tested in the turntable testing system at least 8 and no more than 12 days after successful application. The timeframe for dispersions is one week longer than for solvent-based paints. All other marking systems are not traffic ready until at least 48 hours after successful application.
The prepared test plates must be stored for drying and/or curing in a climate-controlled room at a temperature of 20 °±5 °C and a relative humidity of between 45 % and 75 %.
4.2.5. Application direction
For application on the test plates, it is necessary to bear in mind that the test plates must be aligned in the turntable testing system so the marking systems are run over in the application direction and against the application direction.
4.3. Reference sample
To verify flawless test completion, every test run must include at least one test plate that is coated with a standard marking system (reference sample). The marking material and the application instructions for the reference sample must be specified.
The results from the reference samples in every test serve for quality assurance (see Section 4.4.5).
4.4. Test performance
The prepared test plates are not traffic ready until after the specified conditioning time. It is not permitted to run tests on test plates that have not fully dried or cured, as they could affect other test plates under certain circumstances. Covering the mandatory measurement area of at least 800 cm2 requires the use of at least the necessary number of 3 test plates, each with a minimum line width of 20 cm applied. The test plate arrangement on the turntable testing system shall be random. The 3 test plates of a marking system shall not be separated: they must be arranged immediately next to one another.
Thermoplastic testing requires a defined arrangement. The test plates are arranged so the wheel can alternate between running over a group of test plates and a group of blank plates of equal size. Based on the size of the wheel and the dimensions of the test plates and/or blank plates, this is will always be 2 marking systems, each consisting of 3 test plates arranged next to each other. After this, 6 blank plates come before the next 2 marking systems.
4.4.1. Test conditions
Tables 3 and 4 give the test conditions and measurement cycles.
The number of samples for paints, films and cold plastics tested at the same time is limited by the number of housings on the turntable. In principle, for thermoplastic marking systems, this figure is limited to 12 samples.
In principle, markings made from different marking materials are not tested at the same time. A distinction is drawn between: Paints (solvent-based paints, dispersions), cold plastic, aluminium-based films, other films, thermoplastics.
Table 3: Test conditions
	Number of test wheels
	4 or 8 depending on the material being tested (see Section 4.1.1)

	Test tyre type
	Permitted standard tyres as per Section 4.1.1
New tyres for each test


	Tyre pressure
	0.25 ± 0.02 MPa

	Wheel load
	3000 ± 300 N

	Camber
	0° up to a maximum deviation of ± 1°

	Skew
	Alternating +1° (±10‘) / -1° (±10‘) by wheel

	Speed
	15 km/h ± 1 km/h in water
60 km/h ± 3 km/h

	Direction of rotation
	50% in each direction

	Measurement interval
	0; 0.01; 0.1; 0.2; 0.5; 1.0; 2.0; 3.0 and 4.0 x 106

	Room temperature
	5 °C to 10 °C


Table 4: Measurement cycles
	Measurement cycle
	Wheel passes in the measurement cycle
	Wheel passes with water at the start
	Wheel passes, dry
	Wheel passes with water at the end *)
	Wheel passes until change of direction of rotation 
	Wheel passes in total

	1
	10 000
	1 750
	6 500
	1 750
	5 000
	10 000

	2 
	90 000
	-
	88 250
	1 750
	25 000
	100 000

	3
	100 000
	-
	96 500
	3 500
	25 000
	200 000

	4
	300 000
	-
	290 000
	10 000
	25 000
	500 000

	5
	500 000
	-
	490 000
	10 000
	25 000
	1 000 000

	6
	1 000 000
	-
	980 000
	20 000
	25 000
	2 000 000

	7
	1 000 000
	-
	980 000
	20 000
	25 000
	3 000 000

	8
	1 000 000
	-
	980 000
	20 000
	25 000
	4 000 000

	*) For soaking, only water shall be used, without additives. When testing thermoplastic marking systems, the number of wheel passes with water is increased by 50 %. The number of wheel passes for dry testing is adjusted accordingly. 


4.4.2. Measurements related to the system and the test conditions
Tyre pressure, camber and pivot angle shall be checked according to Section 4.1.1 and, where necessary, adjusted.
The ambient temperature, temperature of the test plate surfaces, the wheel load, the speed and the number of wheel passes must be monitored and logged continuously during testing.
4.4.3. Measurements for the traffic-related properties of the marking systems
The traffic-related properties of the marking systems are continuously measured during the suitability test. In principle, the measurements are taken according to the provisions of DIN EN 1436.
Day visibility is determined based on the luminance coefficient for diffuse lighting Qd and the standard chromaticity coordinates (x,y) of the colour location, night visibility under dry conditions based on the coefficient of retroreflected luminance RL (dry), night visibility under wet conditions based on the coefficient of retroreflected luminance RL (wet) for type-II markings, tyre grip in SRT units and wear as a percentage.
The coefficient of retroreflected luminance RL (wet) is determined at a test plate slope of 2 %.
For wear, the ratio of the surfaces covered by marking in wheel passage condition to the same surfaces in non-wheel passage condition. The data sheet on agglomerate markings provides the precise detail for this (currently available in draft form).
The measurements are taken on all 3 test plates and the calculated average value is indicated as the result. The surface area covered by the measurements on all 3 test plates should be at least 400 cm².
The measurements are taken before the start of the wheel passes and after the end of each measurement cycle. For photometric properties, the new condition shall be measured after 10 000 wheel passes. Measurement of photometric properties before starting the wheel passes serves for information purposes only and is not relevant to the test result.
For the tyre grip measurement, the new condition is measured before starting the wheel passes. The divisions of the measurement cycles are based on factors such as traffic class, and can be derived from Table 5. Measurement cycle 1 ends after 10 000 wheel passes.
Table 5: Measurement cycles by traffic class
	Measurement cycle
	Traffic class
	Number of wheel passes

	1
	P0
	< 50 000

	2
	P2
	100 000

	3
	P3
	200 000

	4
	P4
	500 000

	5
	P5
	1 000 000

	6
	P6
	2 000 000

	7
	-
	3 000 000

	8
	P7
	4 000 000


4.4.4. Test assessment
The results of the suitability test are compiled in a measurement value table. If the minimum requirements of the ZTV M for the new and used conditions and the requirements of the TL M are met, a test certificate (see Appendix A) may be issued. For the minimum requirements under ZTV M, higher DIN EN 1436 classes were selected for photometric properties. If the minimum requirements under ZTV M and/or if the TL M requirements are not met, but the minimum requirements of DIN EN 1436 are in fact met, then a test confirmation (see Appendix A) may be issued.
For assessment of the tyre grip, deviating requirements for the RPA are specified based on cross-checks between tyre grip measurement values on test bays and the RPA. Five points are added to an SRT value determined during the test on the RPA so the lowest class S1 is already deemed to be met at an SRT value of 40. However this provision does not apply to tyre grip measurements under new conditions before the start of the test runs. This requires an SRT value of 45.
4.4.5. Test checks (reproducibility)
In a test run, a reference sample is retained to verify flawless test completion.
All properties indicated under Section 4.4.3 must also be measured on every reference sample within the framework of the suitability test. The measurement results should not deviate from the original measurement results for the selected sample, taking into account the tolerances set out below.
15 % for day visibility
15 % for night visibility
± 5 SRT units for tyre grip
If the deviations are greater, then the preconditions of the test and the reference material itself must be tested in order to assume flawless test completion.
5. Chemical/physical tests of the marking materials and additives (prototype testing)
5.1. General information
Prototype tests serve for quality assurance and checking marking materials for prohibited hazardous substances. At the same time, prototype testing also serves as a basis for future sample equivalence tests. DIN EN 1871 sets out the chemical/physical requirements on marking materials as components of marking systems. The requirements for drop-on materials and premix glass beads are based on DIN EN 1423 and DIN EN 1424. Standards DIN EN 12802 and DIN EN 1790 detail the tests for identification of marking materials and films.
Table 7 gives the prototype analyses to be conducted for suitability testing on marking systems. Section 5.3 describes the necessary deviations from the existing procedure.
Table 7 Overview of the standard test procedure
	Parameter
	Solvent-based paints (primers)
	Dispersions
	Reactive materials
	Thermoplastic materials
	Films
	Reference

	Density
	x
	x
	X
	
	
	ISO 2811-1

	Volatile fraction
	x
	x
	
	
	
	DIN EN 12802

	Binder fraction
	x
	x
	X
	x
	
	DIN EN 12802

	Titanium dioxide content
	x
	x
	X
	x
	
	DIN EN 12802

	Premix solids fraction
	
	
	X
	x
	
	DIN EN 12802

	Analysis of drop-on materials
	x
	x
	X
	x
	
	DIN EN 1423, TP M

	Analysis of lead and cadmium
	x 1)
	x 1)
	x 1)
	x 1)
	x 1)
	ISO 11466

	Incineration residue
	x
	x
	X
	x
	
	DIN EN 12802

	Infrared spectrum of the binder
	x
	x
	X
	x
	
	DIN EN 128022)

	Infrared spectrum of pigments and fillers
	x
	x
	X
	x
	
	DIN EN 12802

	Determination of VOCs/monomers/oligomers
	x
	x
	X
	
	
	DIN EN 12802

	Analysis of adhesive layer
	
	
	
	
	x
	DIN EN 1790

	Thermogram
	
	
	
	
	x
	DIN EN 1790

	Image analysis
	
	
	
	
	x
	TP M

	Wilhelmi softening point
	
	
	
	x
	
	DIN EN 1871

	Penetration test 
	
	
	
	x
	
	DIN EN 1871


1) As needed for materials for temporary markings
2) For dispersions, the binder must be extracted with tetrahydrofuran (THF) to prevent precipitation.
5.2. Sampling
Within the framework of the suitability test, the applicant confirms in writing that the materials and additives provided for application are representative of production. The applicant is responsible for ensuring that the sample quantities (see 4.2.3) submitted for prototype testing are adequate.
Once filled, the sampling vessels must be closed and protected from tampering with a suitable seal. Some examples of suitable sampling vessels would be 1l tin cans or airtight, screwable plastic vessels made from polyethylene or polypropylene. Solvent losses can be prevented by filling the sample vessel as full as possible and swirling it once after sealing. Water-based marking materials require the use of airtight plastic vessels or lined tin cans with press-in lids.
Samples must be clearly labelled.
5.3. Prototype testing of non-preformed marking systems
Prototype testing determines and documents the characteristic properties of a marking system, in order to enable identification according to the ZTV M in a future verification test. The prototype procedures are described below.
5.3.1. Determination of organic and inorganic fractions
The amount of volatile components in marking paints and primers is determined as per DIN EN 12802 by weighing the residue contained in the circulation air drying chamber after three hours of heating at 105°C. This residue is reused to measure the amount of binders and the amount of inorganic components. After four hours of thermal treatment at 550 °C in a muffle furnace, organic binders will be fully decomposed. The remaining residue is to the inorganic fraction. The percentages by weight are determined by weighing before and after thermal treatment. The inorganic residue obtained is used to identify pigments and fillers and determine the titanium dioxide content.
5.3.2. Determination of volatile organic compounds and monomers/oligomers
Determination of volatile organic components in marking materials and additives with gas chromatography using a Mass Selective Detector (GC-MS) as per EN 12802.
The following requirements apply according to the TL M:
Marking materials shall not contain more than 25 per cent by weight of volatile organic solvents.
Solvents classified in the GHS system as toxic (acute toxicity categories 1, 2 or 3) or hazardous (mutagenicity, carcinogenicity, acute toxicity, reproductive toxicity, organ toxicity, categories 1, 1A or 1B), may only occur at levels of less than 0.1 per cent by weight.
Levels of solvents that are classified as health hazards (acute toxicity category 4 or hazardous category 2: mutagenicity, carcinogenicity, acute toxicity, reproductive toxicity, organ toxicity) shall not exceed a total of 1.0 per cent by weight. This applies regardless of whether these materials are present as impurities or as admixtures.
5.3.3. Determination of titanium dioxide content in inorganic residues
The titanium dioxide content is determined from the inorganic residue obtained after incineration of the marking materials at 550 °C.
This is determined according to the procedure described in DIN EN 12802. After sealing the sample material in concentrated sulphuric acid and reduction with aluminium, the redox titration is performed with ammonium iron(III) sulfate. Potentiometric end point detection is used instead of visual end point detection.
5.3.4. Determination of the premix solids fraction
If the marking material in the marking system contains premix solids (reflective solids and/or anti-skid aggregates), then their percentages must be determined as follows as per DIN EN 12802:
A sample of 15 to 20 g of homogenised marking material is thermally treated at 550 °C in the muffle furnace. The remaining inorganic fraction is sieved through a 90 µm sieve. The sieved material is used for the infrared spectroscopic analysis of fillers and pigments. Next, the oversized fraction is wet-cleaned until it is free of pigments and fillers. For additional support, an ultrasonic bath and aqueous acetic acid may be used to promote separation. The residue is dried in a drying chamber at approx. 150°C and weighed again.
5.3.5. Determination of the Wilhelmi softening point
Thermoplastic marking materials must also exhibit adequate dimensional stability in summer temperatures. Otherwise, the reflective solids and anti-skid aggregates embedded in the surface of the marking system will be pressed deep into the system by vehicle traffic, affecting their functionality. For characterisation of the dimensional stability, the softening point is tested as per DIN EN 1871, Appendix F (‘Wilhelmi test’). A class of at least SP2 (80 °C) must be achieved.
5.3.6. Penetration stability
The penetration depth at a particular temperature is a sensitive indicator for changes in the composition of thermoplastic marking materials. The test temperature must be determined based on the hardness of the thermoplastic. The procedure is detailed in DIN EN 1871.
5.3.7. Test for lead and cadmium in temporary marking systems
Marking materials and additives shall not contain any extractable fractions of the heavy metals: lead, cadmium or antimony. Sample conditioning is performed in accordance with the German standard methods for the examination of water, waste water and sludge, Section S4 (DEV-S4). By way of supplement to the procedure in DIN EN 1790, this test is conducted as follows:
Two approx. 5x5 cm film samples are weighed and then incinerated at 550 °C. The residue is sealed and tested for heavy metals as per ISO 11466 and ICP-OES or AAS.
5.4. Prototype testing of marking films (identification procedure)
Standard DIN EN 1790 details the procedure for prototype testing of road marking films. Additional or deviating provisions are given below.
5.4.1. Retained samples of films
Samples are retained of films that are tested in the suitability test. The retained samples are approx. 1 m-long and are stored in a cool, dark place.
5.4.2. Image analysis of road marking films
In addition to the procedure in DIN EN 1790, macroscopic and microscopic photographs are taken of the road marking film. In principle, in order to enable an objective size comparison of microscopic samples, a scale is superimposed.
5.4.3. Thermogravimetric analysis of marking films
Marking films generally consist of multiple different types of components that can only be separated from one another with significant expenditures. Therefore, complete chemical analysis of the individual components is not feasible. However, thermogravimetric analysis as per DIN EN 1790 offers a simple option for characterising the composition of films.
A representative piece of film is heated in a heating device, starting at room temperature, at a heating rate of 10 °C per minute up to a temperature of 500 °C in a nitrogen atmosphere. Next, it is held at a constant 500 °C for 15 minutes and subsequently annealed at a heating rate of 10 °C per minute up to 1 000°C in synthetic air. Due to the evaporation of volatile components and thermal and/or oxidative decomposition of organic contents, the sample mass decreases in a particular way. The sample mass is measured in a manner that is dependent on the temperature. This provides a characteristic thermogram of the sample.
5.4.4. Analysis of the adhesive layer of films
For analysis of the adhesive layer as per DIN EN 1790, an infrared spectrum is recorded in an area of 600 to 4000 cm–1. The ATR (Attenuated Total Reflection) technique is used in the interest of simple sample preparation.
5.4.5. Analysis of bituminous primers
Bituminous primers and prime coats are characterised using physical methods. For this, the softening point, the needle penetration and the force ductility are determined.
5.5. Prototype testing of additives
5.5.1. Analysis of reflective solids and anti-skid aggregates (premix and drop-on material systems)
The requirements for reflective solids and anti-skid aggregates are set out in DIN EN 1423 (drop-on materials) and DIN EN 1424 (premix solids)
. In addition to this, the requirements under Appendix C apply for drop-on materials regardless of the material, and for premix solids for thermoplastics.
For a mixture of reflective solids and anti-skid aggregates, the use of video-aided particle analysis and digital microscopy enables determination of both of their fractions in the mixture and the grain size distribution and grain shape parameters of the individual fractions. If necessary, the refractive index is determined with suitable immersion fluids under a digital microscope. For mixtures made from reflective solids and anti-skid aggregates, their mass ratio (m/m) and the identity and specific weight of all components used and the sieve curves of the reflective solids and anti-skid aggregates must be indicated separately. The identity of the components and the refractive index of reflective solids shall not be changed. Adhesion-promoting coatings and/or reactive coatings must be indicated.
Starting from a nominal size of 0.300 mm, the size ratio of two consecutive sieves in the sieve curve shall not exceed 1.2. This provision applies separately to both the reflective solids and the anti-skid aggregates.
5.5.2. Analysis of coating on reflective solids and anti-skid aggregates
Key traffic-related properties of road markings are achieved by flawless and permanent embedding of the drop-on materials in the marking material surface. To improve adhesion of drop-on materials in marking material, the former are often coated in silane or siloxane. These materials provide longer-lasting embedding into the binder of the marking material. Selection of the coating material that is suitable for the marking material in question is therefore of decisive importance. Within the framework of prototype testing, the coating material must be demonstrated.
5.5.3. Analysis of other additives
Additives, such as prime coats, primers, solvents, etc., are analysed the same as marking paints. Deviations are only permitted where justifiable.
Curing agents (liquid or solid) are analysed with infrared spectroscopy. These shall not be placed under any thermal load before analysis. The test methods correspond to the methods described in DIN EN 12802 for the analysis of binders.
Appendix A
Test certificate
Accredited test laboratory for the ‘road markings’ product range
accreditation number

Certificate of testing of a marking system on the turntable testing system (‘RPA’)
Test number:

1. Application
Applicant:


Application for:
Testing the wear resistance and traffic-related properties of a marking system under the test conditions of the TP M (version of February 2017) and DIN EN 13 197 (version of July 2014). The classes for traffic-related properties are based on DIN EN 1436 (version of January 2009).
2. Test item
2.1
Marking system type


-
System designation:


-
Material designation:


-
Material manufacturer:


-
Material type:


-
Processing temperature [°C]/
Formula preparation ratio:


-
Coat thickness [pm]/ quantity [kg/m2]:


-
Application method:


2.2
Additional drop-on materials
-
Reflective solids quantity, manufacturer, desig.:


-
Anti-skid aggregates:


contained as a mixture in the ratio of the reflective solids
2.3
Material application is performed according to the instructions of the applicant with indication of the aforementioned technical data (where not measurable), in the premises of the accredited test laboratory.
3. Test results:
3.1
The requirements are met for traffic class P 
. For the individual traffic-related properties, the following DIN EN 1436 classes are met:
	
	New condition
	Used condition

	- Grip:
	≥ S 1
	S

	- Night visibility, dry:
	R
	R

	- Night visibility, wet:
	RW
	RW

	- Day visibility:
	Q
	Q

	- Traffic readiness:
	T
	


3.2
The minimum requirements for wear resistance of 90 % of the residual area are met. The test laboratory has access to the results of the physical/chemical prototype test.
This test certificate may only be submitted or published in full. Submission or publication of excerpts requires written approval from the accredited test laboratory.
Bergisch Gladbach,

Name, Position
Test confirmation
	Applicant
	Your reference
Your letter of
Our reference
Information provided
Phone
Fax
email
Date


Confirmation of testing of a marking system on the turntable testing system (‘RPA’) Test number:

The marking system of type 
from 
 with the test number indicated above was tested on the turntable testing system as per DIN EN 13197 (version of July 2014) up to traffic class P 
 ( 
 wheel passes) and meets all minimum requirements for this under DIN EN 1436
(version of January 2009) for the traffic-related properties.
-
System designation:


-
Material:


-
Wet film thickness:


-
Drop-on materials (qty/manufacturer/desig.):

g/m2,



contained as a mixture in the ratio of the reflective solids
-
Application method:


	Properties
	Number of wheel passes [million]

	
	0
	0.01
	0.1
	0.2
	0.5
	1.0
	2.0
	3.0
	4.0

	Wear resistance [%]
	
	
	
	
	
	
	
	
	

	Grip [SRT units]
	
	
	
	
	
	
	
	
	

	Night visibility
	dry
	1)
	
	
	
	
	
	
	
	

	RL [mcd · m-2 · lx-1]
	wet, 2% slope
	1)
	
	
	
	
	
	
	
	

	Day visibility Qd [mcd · m-2 · lx-1]
	1)
	
	
	
	
	
	
	
	

	Standard chromaticity coordinates
	x =
	y =


1) This value serves exclusively for information purposes for applicants.
On behalf of
Name, Position
Page 1
Appendix B
VOC lists
	Item No
	Material/material groups
	CAS number
	Index number
	EC number

	01
	Acetone
	67-64-1
	606-001-00-8
	200-662-2

	03
	Benzene
	71-43-2
	601-020-00-8
	200-753-7

	04
	Bis(2-methoxyethyl) ether
(Diethylene glycol dimethyl ether, Dimethyl glycol)
	111-96-6
	
	

	05
	1-Butanol (Butyl alcohol)
	71-36-3
	603-004-00-6
	200-751-6

	06
	2-Butanol (sec-Butyl alcohol)
	78-92-2
	603-127-00-5
	201-158-5

	07
	2-Butoxyethanol (ethylene glycol monobutyl ether, butyl glycol)
	111-76-2
	603-014-00-0
	203-905-0

	08
	2-(2-Butoxyethoxy)ethanol (diethylene glycol monobutyl ether, butyldiglycol)
	112-34-5
	603-096-00-8
	203-961-6

	09
	2-Butoxyethyl acetate (ethylene glycol monobutyl ether acetate, butylglycol acetate)
	112-07-2
	607-038-00-2
	203-933-3

	10
	Butoxypropanols (mixed isomer)
	various
	
	

	11
	1-Butoxy-2-propanol
	5131-66-8
	603-052-00-8
	225-878-4

	12
	1-tert-Butoxy-2-propanol
	57018-52-7
	603-129-00-6
	406-180-0

	13
	Butyl acetate
	123-86-4
	607-025-00-1
	204-658-1

	14
	sec-Butyl acetate
	105-46-4
	607-026-00-7
	203-300-1

	15
	tert- Butyl acetate
	540-88-5
	607-026-00-7
	208-760-7

	16
	γ-Butyrolactone (Tetrahydro-2-furanone)
	96-48-0
	
	

	17
	Cumene (Isopropyl benzene)
	98-82-8
	601-024-00-X
	202-704-5

	18
	Cyclohexane
	110-82-7
	601-017-00-1
	203-806-2

	19
	p-Cymene
	99-87-6
	
	

	20
	Dichloromethane (Methylene chloride)
	75-09-2
	602-004-00-3
	200-838-9

	21
	1,2-Diethoxyethane (Ethylene glycol diethyl ether, Diethyl glycol)
	629-14-1
	
	

	22
	Diethyl ether
	60-29-7
	603-022-00-4
	200-467-2

	23
	Diisopropyl ether (Isopropyl ether)
	108-20-3
	603-045-00-X
	203-560-6

	24
	1,1-Dimethoxyethane
	534-15-6
	605-007-00-8
	534-15-6

	25
	1,2-Dimethoxyethane (Ethylene glycol dimethyl ether, Dimethyl glycol)
	110-71-4
	603-031-003
	203-794-9

	26
	Dimethyl ether
	115-10-6
	603-019-00-8
	204-065-8

	27
	1,4-Dioxane (Diethylene dioxide)
	123-91-1
	603-024-00-5
	204-661-8

	28
	Dipropyl ether (Propyl ether)
	111-43-3
	603-045-00-X
	203-869-6

	29
	Acetic acid
	64-19-7
	607-002-00-6
	200-580-7

	
	Material/material groups
	CAS number
	Index number
	EC number

	30
	Acetic anhydride
	108-24-7
	607-008-00-9
	203-564-8

	31
	Ethanol 
	64-17-5
	603-002-00-5
	200-578-6

	32
	2-Ethoxyethanol (Ethylene glycol monoethyl ether, Ethyl glycol)
	110-80-5
	603-012-00-X
	203-804-1

	33
	1-Ethoxy-2-propanol (Propylene glycol monoethyl ether)
	1569-02-4
	
	

	34
	Ethyl acetate
	141-78-6
	607-022-00-5
	205-500-4

	35
	Ethylbenzene
	100-41-4
	601-023-00-4
	202-849-4

	36
	Ethyl formate
	109-94-4
	607-015-00-7
	203-721-0

	38
	Heptane
	147-82-5
	601-008-00-2
	205-563-8

	39
	Hexane
	110-54-3
	601-037-00-0
	203-777-6

	40
	Hexane (mixed isomers)
	92112-69-1
	601-007-00-7
	295-570-2

	41
	1-hexanol
	111-27-3
	603-059-00-6
	203-852-3

	42
	Isobutyl acetate
	110-19-0
	607-026-00-7
	203-745-1

	43
	Isopropyl acetate
	108-21-4
	607-024-00-6
	203-561-1

	44
	Methanol
	67-56-1
	603-001-00-X
	200-659-6

	45
	1-Methoxy-2-propyl acetate (Propylene glycol monomethyl ether acetate)
	108-65-6
	
	

	46
	2-Methoxyethanol (Ethylene glycol monomethyl ether, Methyl glycol)
	109-86-4
	603-011-00-4
	203-713-7

	47
	2-Methoxyethyl acetate (Methyl glycol acetate)
	110-49-6
	607-036-00-1
	203-772-9

	48
	1-Methoxy-2-propanol (Propylene glycol monomethyl ether)
	107-98-2
	
	

	49
	Methyl acetate
	79-20-9
	607-021-00-X
	201-185-2

	50
	2-Methylbutane (isopentane)
	78-78-4
	601-006-00-1
	201-142-8

	51
	Methylcyclohexane
	108-87-2
	601-018-00-7
	203-624-3

	52
	Methyl ethyl ketone (2-Butanone solution, MEK)
	78-93-3
	606-002-00-3
	201-159-0

	53
	Methyl formate 
	107-31-3
	607-014-00-1
	203-481-7

	54
	2-Methylpentane (isohexane)
	107-83-5
	
	203-523-4

	55
	4-Methyl-2-pentanone (Methyl isobutyl ketone, MIBK)
	108-10-1
	606-004-00-4
	203-550-1

	56
	2-Methylpropane (Isobutane)
	75-28-5
	
	

	59
	Pentane
	109-66-0
	601-006-00-1
	203-692-4

	57
	2-Methyl-1-propanol (Isobutanol)
	78-83-1
	603-108-00-1
	201-148-0

	58
	N-Methyl-2-pyrrolidinone (1-Methyl-2-pyrrolidone)
	872-50-4
	606-021-00-7
	212-828-1

	60
	1-Pentanol (n-Amyl alcohol)
	71-41-0
	603-006-00-7
	200-752-1

	61
	2-Pentanol (sec-Pentyl alcohol)
	6032-29-7
	603-006-00-7
	227-907-6

	Item No
	Material/material groups
	CAS number
	Index number
	EC number

	62
	Pentanols (mixed isomer)
	various
	
	

	63
	Petroleum ether + Petrols (primarily non-aromatic hydrocarbon mixtures)
	various
	
	

	64
	Petroleum (primarily non-aromatic hydrocarbon mixtures) fractions with boiling points of up to 240 °C at 1 013.25 mbar
	various
	
	

	65
	1-Propanol
	71-23-8
	603-003-00-0
	200-746-9

	66
	2-Propanol (Isopropyl alcohol, Isopropanol)
	67-63-0
	603-117-00-0
	200-661-7

	67
	2-Propoxyethanol (Ethylene glycol monopropyl ether, Propyl glycol)
	2807-30-9
	603-095-00-2
	220-548-6

	68
	Propyl acetate 
	109-60-4
	607-024-00-6
	203-686-1

	69
	Styrene
	100-42-5
	601-026-00-0
	202-851-5

	70
	Tetrachloroethylene (Perchloroethylene, PCE)
	127-18-4
	602-028-00-4
	204-825-9

	70
	Tetrahydrofuran (Oxolane)
	109-99-9
	603-025-00-0
	203-726-8

	71
	Toluene 
	108-88-3
	601-021-00-3
	203-625-9

	72
	Trichloroethylene
	79-01-6
	602-027-00-9
	201-167-4

	73
	1,2,3-Trimethylbenzene 
	526-73-8
	
	

	74
	1,2,4-Trimethylbenzene
	95-63-6
	601-043-00-3
	202-436-9

	75
	1,3,5-Trimethylbenzene
	108-67-8
	
	

	76
	Trimethylbenzenes (mixed isomer)
	various
	
	

	77
	White spirits (primarily non-aromatic hydrocarbon mixtures)
	various
	
	

	78
	o-Xylene
	95-47-6
	601-022-00-9
	202-422-2

	79
	m-Xylene
	108-38-3
	601-022-00-9
	203-576-3

	80
	p-Xylene
	106-42-3
	601-022-00-9
	203-396-5

	81
	Xylenes (mixed isomer)
	1330-20-7
	601-022-00-9
	215-535-7


The following materials mixtures consist of a limited number of compounds which can generally be recorded individually as well.
	Item No
	Material/material groups
	CAS number
	Index number
	EC number

	76
	Trimethylbenzenes (mixed isomer)
	various
	
	

	81
	Xylenes (mixed isomer)
	1330-20-7
	601-022-00-9
	215-535-7


Appendix C
Quality assurance for drop-on materials and premix systems for thermoplastics
To ensure the quality of drop-on materials and premix systems for thermoplastics, the following parameters are specified for prototype testing on drop-on material mixtures and premix systems for thermoplastics
:
1. According to DIN EN 1423, the sieves to be used to determine the sieve curve can be derived from ISO 565 - Dimensions R40/3. For drop-on materials, at least 5 % (cumulative) of reflective beads should be retained in the sieve that is one size smaller than the nominal sieve indicated above according to ISO 565 - Dimensions R40/3.
This should ensure that enough larger reflective beads are present in the drop-on materials mixtures to guarantee adequate retroreflection.
2. The sieve curve for the drop-on materials mixture determined by the test laboratory with a camsiser during suitability testing is recorded as the prototype. In the future, the permissible tolerance for the individual residue in each sieve according to the specifications will be ± 50 % rel. In principle, the value of at least 5 % of reflective beads indicated under subsection 1 above must be achieved, i.e. the 5 % criterion must be met even after applying the 50 % tolerance for individual residue in the corresponding sieve.
Example: If 30 g was determined as the residue in the 500 μm sieve during suitability testing, then the tolerance range is 15 g to 45 g. This should ensure that the drop-on materials mixtures supplied in practice correspond to the mixtures provided to the accredited testing laboratory for suitability testing within the indicated limits.
3. For sampling during suitability testing, the manufacturer itself is responsible for providing the accredited testing laboratory with a representative sample. The drop-on materials supplied by the manufacturers for suitability testing, such as in 25 kg containers, will be divided up into the size needed for testing by means of 1/1 divider.
4. In the trade name of the drop-on material, only the actual underlying sieve curve shall be indicated.
� The listed application methods may be registered trademarks or subject to utility model protection.


� The drying time before traffic readiness depends on factors such as weather conditions and material application quantity. The drying time before traffic readiness achieved in the laboratory shall not be regarded as a guaranteed drying time under practical conditions.


� Worn tyres are replaced during testing.


� The two standards shall be merged in the future. Drop-on materials and (in the future) premix solids shall only be used if they have a CE marking.


� Based on: Coordinated between the BASt, bead manufacturers and the DSGS in Bergisch-Gladbach and Braunlage in August 2011





15
Draft, June 1997

