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Executive Summary 

Road Markings play a vital role in National Highwaysô stewardship of the Strategic Road Network 
(SRN) in England and are a key factor in delivering against our three imperatives of safety, customer 
and delivery. 
 
For safety, along with road surface and vehicle restraint systems, road markings support the safe 
use of our roads by helping provide direction to drivers.  This is particularly important in the dark and 
the wet. 
 
We know that customers want to see bright, bold markings with old markings from previous road 
layouts being completely removed.  Research by Transport Focus (see report) has shown that even 
the most confident of drivers can lose confidence when there is a lack of clarity provided by road 
markings.  
 
 
The importance to delivery means that poorly applied, or removed, markings or those that fail early 
cause rework that is disruptive to motorists, increases safety risks and leads to inefficient asset 
management. 
 
In the UK, the traditional method for developing new road marking products has been through on-
road testing.  As no such testing had been carried out for at least ten years, National Highways ran 
a global competition to highlight the current best performing road markings as we believed that 
better products were available to us as a client. The competition also looked at identifying the best 
removal systems as over-aggressive techniques can result in early surface failure.  Our competition 
is the first to be based on typical open texture surfaces which are now found on the majority of the 
SRN.  There has been no on-road testing of road markings since this transition from hot rolled 
asphalt so the data contained in this report is the first large scale study of how modern road markings 
react with typical road surfaces. 
 
From an initial 33 road marking products entered into the competition, we used laboratory-based 
testing to reduce these to the best 7 markings.  These were then tested on-road for wet and dry 
retroreflectivity, skid resistance and contrast over a two-year period on the M5 northbound between 
junctions 20 and 18.   
 
The markings on the plates from the laboratory testing were then subjected to removal testing using 
the competitors preferred methodology.  The five best performing removal systems were also later 
tested on the same stretch of the M5.  
 
The results from this testing suggests that road marking products have developed 
significantly and offer the potential for much higher performance than currently specified in 
UK standards. 
 
Removal systems are also improving but not at the same rate.  The predominant methodology uses 
high pressure water blasting.  While we are seeing rapid development in some aspects of this 
technique, such as innovation in the design of the removal heads, lack of control systems means 
that the quality of the finish achieved is influenced by a combination of time allowed to carry out 
removals, the skill of the individual operative and the quality of the underlying road surface.  If any 
of these is not at the optimum level, the results can be costly. 
 
The key findings from the competition are as follows: 

https://d3cez36w5wymxj.cloudfront.net/wp-content/uploads/2017/11/06161438/Road-surface-quality-what-road-users-want-from-Highways-England-FINAL.pdf
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1) The competition has shown there are many products now available that have not 

previously been tested that offer the opportunity to increase standards of performance 
and particularly in wet night-time retroreflectivity 

Based on our data, we have shown that there are several products that can deliver dry 
retroreflectivity of 200 millicandela (mcd) which is the current (minimum) standard for four lane 
motorways. Based on the results from the trial, there is the potential that the wet night-time 
retroreflectivity could be increased to 50mcd from the current minimum standard of 35mcd.  If 
accepted, this increase in standard could provide safety benefits by giving drivers an increase in 
time to react to the markings. 
All seven of the finalists that finished this competition have demonstrated these higher levels of 
performance both in laboratory testing and on-road testing and would offer immediate benefits if 
used more widely. 
 

2) Better monitoring of performance should be considered to ensure markings continue 
to meet the specified standards.   

During the period of the competition, we observed certified products failing prematurely.  One 
approach to address this could be a staged payment system within contracts to drive improved 
quality in construction and assure levels of performance.  .  

 
3) Elevate the importance of road markings throughout the supply chain  

During the trial, road marking suppliers informed us that the application and removal are often the 
last things to be delivered on a night shift with increased time pressure to deliver before roads are 
due to open.  In the case of removals, this can result in over aggressive pressures that damage the 
surface as crews do not have the time to care for the asset in the way that we all need.  If we want 
the best result we must change this to provide the right conditions for optimised performance. 
 

4) Use the appropriate right product to deliver the best value solution 
There is a tendency to adopt a one size fits all approach to road markings, using the same materials 
regardless of whether the marking is permanent, temporary, heavily or lightly trafficked.  With the 
range of materials available to us, we can do better and target the right products to deliver the best 
solution.  Since the start of the competition we are seeing much better use of paint and spray 
products for temporary markings by suppliers. 
 
Weather conditions can play a key part in influencing which product is utilised and thermoplastic is 
the most adaptable material across all weathers.  Where weather conditions are right (generally dry 
and above 5 Degrees Centigrade) however, paint offers good potential for temporary markings as 
they can be reactivated and removed at low pressure with minimal surface damage.  Equally, cold 
plastics offer the potential to be longer lasting and without the safety and environmental issue of 
having to heat the materials, but again are susceptible to weather conditions.  There are also 
efficiency benefits to consider with parts of the network that are not susceptible to traffic (e.g. 
chevrons at junctions) not needing to be as thick as they are currently applied.  Indeed, a thin spray 
material gave the best all round performance in the competition and offers the benefit of greater 
network coverage per unit of material.  
 
We also need to engage with the industry, and in particular designers, about the variety of materials 
that can be specified rather than reverting to previous materials that offer lesser performance and 
longevity as functioning road markings. 

 
5) Consider developing more comprehensive removal requirements that includes the 

quality of the road surface left behind 
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The current specification (EN BS 16958:2017) considers the area of marking to be removed but 
does not  specify the quality of the remaining surface after the removal.  Setting parameters, using 
a measure such as surface texture, would help to adopt a more holistic approach to the asset 
management of the road surface post removal and discourage over-zealous removal.  This would 
need to be monitored for compliance.  Further research would be needed to understand the long-
term impact on road surface longevity. 
 

6) Consideration could be given to alternative and faster testing methods in future to 
encourage further innovation and adoption of emerging products. 

The results in this report show that there are potentially alternative methods to the traditional on-
road testing that can prove performance and longevity.  Adoption of new testing methods could bring 
products to market much quicker and avoid the need for disruption to the network through road 
closures associated with on-road tests.  They must reflect the surface textures used on the SRN 
however rather than flatter surface textures, as well as reflecting vehicle speeds on the SRN. 

 
These recommendations will be considered as part of our road marking action plan.  Actions will 
be given timescales and we will take the learning from this work to improve our customer offering 
in the shortest time practicable. 
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INTRODUCTION 

 
In the Transport Focus report of November 2017 on Road Surface Quality, those taking part 
mentioned having to swerve around faults in the road and feeling unsafe when white lines and road 
studs are not clear.  More specifically on road markings they wanted to see bright, bold markings 
with old markings from previous road layouts being completely removed.  Drivers didnôt like faded 
and worn away markings or old markings showing through which caused confusion and anxiety.  
Research showed even the most confident of driver can lose confidence when there are two sets of 
road markings visible on the road. Particularly if you are familiar with the road you may track the 
lane you are familiar with. Rain/bright sun can often exaggerate this issue, reflecting on old 
markings. 
 
National Highways also had concerns around the removal of road markings where a poor underlying 
surface or over aggressive removal methods can result in a series of pot holes requiring ongoing 
repair work or, in the worst cases, complete resurfacing.  This has been particularly noticeable in 
schemes where temporary running lanes require removal of existing markings when lanes are 
reconfigured to accommodate working zones. 
 
Poor removal causes issues under all of the National Highways imperatives. Safety can be 
compromised by resultant potholes and confusing markings plus the added risk through reworking 
when repairing damage; we fail to meet our customer expectations and repair costs impair our ability 
to deliver efficiently.   
 
High pressure water blasting, the removal methodology most commonly used in the UK does not 
discriminate between road marking material and road surface aggregate. The majority of markings 
currently applied in England fuse with the bitumen on the asphalt and fill the voids in our most 
commonly used surfaces to a depth of up to 7mm.  
 
When these markings are removed for narrow lane running in roadworks, it is inevitable that the 
road surface is damaged especially when removal takes place on older surfaces reaching the end 
of serviceable life.  
 
The following two pictures demonstrate these scenarios. 
 

 
 
 
This also occurs on newly laid surfaces, causing scarring and confusing ghost markings for the road 
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user when they are removed as demonstrated by this photograph. 
 

 
 
 
 
In partnership with Roadcare and Kier, we launched a global search for effective road markings 
that: 

¶ can be completely removed without damaging the road surface 

¶ donôt leave óghost linesô. 

We wanted to capture as many current markings/removal techniques available on the market from 
around the world to identify the best approach for future use. The competition rules/process and the 
execution of trials were agreed with the legal, commercial, procurement and technical teams within 
National Highways. 

The purpose of this report is to share the findings from the Transforming Road Markings project that 
has recently completed and identify how the results can indeed influence transformation.  

 
The competition was publicised both through the National Highways Innovation portal and through 
direct marketing to the international road marking industry.  This amounted to 140 companies.  A 
webinar was also held to talk any prospective entrants through the rules of the competition and 
answer any questions.  The project team also presented to the RSMA (Road Safety Markings 
Association ï UK) and its members to answer any queries prior to entering the competition. 
Additionally, the competition was marketed at various trade shows such as  Intertraffic and the 
Hoffman Road Markings Expo.  
 
 
By the closing date of the competition, 33 entries were received.  Details of the entries can be seen 
at Appendix 1.  These were broken down as follows 
 
 

Product type Entered 

Thermoplastics 9 

Cold plastics 10 

Water based paints 8 

Tapes 2 
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Others 4 

 
 

The competition consisted of three elements, or stages: 1) high speed turntable testing; 2) on-road 
testing; and 3) removal trials. 
 
The first stage was the application of the markings to test plates that replicate a typical motorway 
surface texture (in this case based on a mould taken from a typical stretch of the M6) before being 
subjected to two-million-wheel passes (used as a proxy for the equivalent of two years wear) in a 
laboratory testing environment.  This methodology was used to ensure consistency and speed of 
testing.  The random nature of traffic means that on-road testing cannot offer the same advantages 
in ensuring; each marking gets the same amount of wear; or in speed with these two million hits 
being achieved in just two weeks.  
 
This was followed by testing various removal methods to identify the most efficient solutions that 
cause the least damage to the surface to go forward to full scale on-road testing 
 
The second phase was the application of the best performing markings to the M5 northbound 
between junctions 20 and 18 where they were tested over two full yearôs environmental cycles to 
confirm our findings from turntable testing and allow us to explore a comparison of results between 
the two methods of testing. 
 
The third part was the on-road evaluation of the best performing five removal options on each of the 
markings applied in stage 2. 
 
Each competitor was limited to two entries for each product category.  Three samples of the material, 
traceable and authenticated to be from the same production batch, were submitted with previously 
issued unique reference numbers.  Details were also provided for each submission of the health 
and safety requirements of application and the make-up of materials to ensure the environmental 
requirements/specifications were met. One of the three samples was selected at random and used 
to prepare for testing ï unless applied at the competitor's own premises; a second sample was 
retained for composition analysis, finger printing and future quality control. 
   
These were divided into five categories: thermoplastic; cold plastic; water-based paint; tape; and 
others.  Each material category and product were given unique code references, for ease of 
reference and anonymity  

¶ HE = National Highways: TFR = Transforming Road markings  
o TP = Thermoplastic 
o CP = Cold plastic 
o WP = Water paints 
o T = Tapes 
o O = others - to capture alternative materials 

¶ 001, 002 and so-on being the product entry. 
 

Each entry was applied to the test plates (either in the testing laboratory or the competitorôs 
premises) and placed on the testing wheel. They were then evaluated for dry and wet night time 
retroreflectivity, luminance and skid resistance at regular intervals with any failing to reach the 
minimum standard excluded from the competition. 
 
After the two-million-wheel passes were concluded there were 17 of the entrants still in the 
competition - 5 thermoplastic, 9 cold plastic, 0 water-based paint, 1 tape and 2 others.  Some were 
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flat markings and others were profiled. 
 

 
 
The top performing material in each category was put forward for the next phase along with the 
remaining overall best performing to give eight products for on-road testing.  These products 
achieved performance far in advance of the existing HE standards and were as follows: 
 

o HE TFR TP 003 Swarco extruded flat line 
o HE TFR TP 005 W J Road Markings Extruded flat line 
o HE TFR TP 007 Geveko profile marking  
o HE TFR CP 001 Swarco Thin spray flat line   
o HE TFR CP 002 Swarco profile marking  
o HE TFR CP 007 Meon thin spray flat line  
o HE TFR T 002 3M profiled tape. 

 
Some contestants wanted to enter patterned lines without a base line, as it aids the wet night 
retroreflectivity performance and saves time and money.  However, in England a road marking 
should currently have 70% continuity and so a baseline was applied beneath the profiled markings 
to ensure the correct coverage. 
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These products were then applied to a new surface on the M5 northbound between junctions 20 
and 18 during April and May 2019.  They were tested on application for their composition to match 
against the laboratory samples.  Each product was then given a stretch of up to 800 metres of 
markings.  Due to the programme of surfacing works, these locations were across a mixture of lanes 
rather than our preference to have all products on the same lane.  One of the products in the ñothersò 
category wasnôt curing on the night of application and was therefore removed from the competition 
leaving seven materials for testing.  These were tested at 6, 12, 18 and 24 months by means of both 
high speed [60 mph] and hand-held static testing (wet night-time retroreflectivity has only been able 
to be measured by hand held methodology to date).   
 
The findings along with other suggestions based on observations from the project team and 
competitors offer numerous opportunities to increase efficiencies which are covered in the 
recommendations section below.   
 
This collaboration with the competitors has been a significant factor throughout the project and we 
would like to place on record our thanks for the support shown. 
 
The table below shows the results for each of the products after the on-road testing. 
 

 
¶ Dry Rl - coefficient of retroreflected luminance in dry conditions 
¶ Wet Rl - coefficient of retroreflectivity luminance in wet conditions   

¶ Qd - Luminance coefficient in diffuse illumination      

¶ SRT - Skid resistance value         
 
 
 
These results show huge promise with all significantly outperforming existing minimum standards at 
a point where warranties are normally exhausted.  Particularly impressive was that wet night-time 
retroreflectivity offered a significant improvement on the existing minimum standard along with high 
achievement in the other performance characteristics, which was previously thought of as 
unachievable.  All products exceeded 50 millicandela (mcd) for wet night-time retroreflectivity as 

CP001 CP002 CP007 TP003 TP005 TP007 T002

Dry Rl 310 257 230 202 202 427 645

Wet Rl 357 144 145 83 53 206 135

Qd 135 144 140 150 135 165 152

SRT 65 79 65 62 58 75 50
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compared to our current minimum standard of 35 mcd and 5 of the 7 finalists achieved over 100 
mcd.  Performance at 50 mcd would give an increase in time for drivers to react of 33% (calculated 
using Cost 331 as referred to in CS 126), a huge safety benefit. 
 
The removal trials, while not identifying any innovative methods other than variations on the use of 
water pressure did show that consistent results could be achieved where crews are given sufficient 
time to deliver what is expected of them, which isnôt always the case.  The best results were achieved 
on a thin spray applied marking rather than the more widely used extrusion method of application.  
All removals at present however will impact on surface texture to some extent and have the potential 
for ghost markings, particularly in low sunlight. 
 
One idea that merits further exploration was the use of a wider black base line below the markings 
themselves.  While providing the added bonus of increased contrast, which is of growing importance 
with the potential for autonomous vehicles, it fills the voids in the road surface meaning that the 
markings when removed do not impact on the bitumen thereby protecting the pavement surface.  
Indeed, it leaves a residue of the black line that can have further markings applied where necessary.  
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Stage 1 - Preparation and Turntable Testing 

Methodology 

The first step was for the competition entries to be applied to resin test plates that were formed from 
a mould of the M6 surface.  This was to ensure that the trial reflected a typical surface on our 
motorways and how the markings performed on it.   
The surface pattern of the 75 moulds were designed to match the texture depth results / sand patch 
test taken from newly laid asphalt on the M6 northbound junction 17. 
The moulds for these tiles have a steel mesh inserted into them for stability prior to the resin being 
injected. 
 

 
 
A high-speed turntable complying with standard CEN BS 13197, 2011: +A1 2014 was used to 
ensure that every product in the competition would be exposed to the same level of wear which 
cannot be guaranteed from on-road testing.  This also gives the advantage of getting results in a 
condensed timeframe.  In this case two weeks as opposed to around three years for on-road testing 
 
There are two testing facilities in Europe that could deliver the tests that we required. The laboratory 
chosen was Aetec in Spain which is widely used by the road marking industry across Europe. 
Aetecôs managing director was also chairman of the committee who produced the European 
standards for removal of road markings (CEN 16958/2017). This was key to our decision as removal 
was a major part of our project which mirrored the methodology used by the committee.  The other 
major factor was that the Aetec testing wheel allowed us to use the profiled tiles which matched a 
typical English motorway road surface, unlike the German BasT wheel which uses smooth tiles and 
would not be as representative of surfaces seen on the SRN.  
 
As six of the entrants required bespoke application methods the project team agreed that all 
companies could apply their products to the test plates locally using their own labour/plant to ensure 
transparency.  
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Two auditors (one from Roadcare accompanied by either Kier or Aetec) attended each on site 
application to record  

¶ Clean uncontaminated equipment 
¶ Fingerprinting of materials  

¶ Dosage applications of the binder and glass beads.  

¶ Temperatures 

¶ Drying times 

¶ Dry Retroreflectivity 

¶ Wet night-time retroreflectivity 

¶ Qd (Contrast) 

¶ SRT (Skid resistance) 
 
Each competitor was encouraged to take their own measurements using their own equipment. 
These measurements did not count towards the final scoring but would allow competitors to be 
confident in the final results.  
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Observations also included how safe / practical the application methods were, the preparation time, 
speed of application and the general housekeeping of the company.  
 
When applying products to the test plates, all of the competitors had multiple attempts in setting 
their equipment up to ensure the best possible outcome for their products.  This shows that any 
product is only as good as its application, a theme we will return to later in the report. 
 
In contrast, in the controlled environment of the Aetec laboratory, everything is calibrated and the 
set up for each product application was around 30 minutes [excluding the heating of materials where 
required].   
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Once the applications were complete, testing began. The thermoplastic markings were tested first 
to ensure no cross contamination of the other materials. All other material types were tested on the 
second run. Each run took two weeks to reach the required two-million-wheel passes. 
 
Measurements and photographs were taken at  

¶ P0 <50,000 hits 
¶ P2 100,000 hits    

¶ P3 200,000 hits 

¶ P4 500,000 hits 

¶ P5  1,000,000 hits  

¶ P6 2,000,000 hits 
 
The performance metrics collected were: 

¶ coefficient of retroreflected luminance in dry conditions,   Rl dry: 
¶ coefficient of retroreflectivity luminance in wet conditions  Rl wet; 

¶ Luminance coefficient in diffuse illumination     Qd 

¶ Colour: luminance factor, B and x, y chromaticity co-ordinates 

¶ Skid resistance value        SRT  
 
Since the late 1970ôs road trails in the UK have been carried out assuming 1 million vehicles will 
traverse the lines over a 12-month period,  
 
BS EN 1824:2011 B.1 Generalities quotes  
 
ñAs the length of the whole test field can be quite long, it is generally not possible to 
determine the number of wheel passages at every longitudinal location of the whole site. 
Usually, the measurement is made at one single section of the test field. Therefore, test fields 
must be designed or selected in such a way that vehicles circulate on it without too much 
lateral displacement ñ 
  

¶ A 12-month period for permanent markings  
¶ 6 months for temporary markings has been introduce over the last 20 years  

¶ Across the full climatic cycle, summer, autumn, winter and spring, for permanent markings 
no guidance is given for temporary markings  

¶ HGV over 7500kg are recorded and the method used to record these  

¶ Historically transverse markings have been applied rather than longitudinal  
 
Over the last 30 years traffic volumes have increased and so in line with this fact, the competition 
panel (consisting of NH, Roadcare and Kier representatives)  thought 2-million-wheel hits would be 
far more representative than the current 1 million hits.  
This thinking was at the heart of why we chose the accelerated wheel test as a method to ensure 
the products we applied to the road field trial would be fit for purpose. Key features of the 
methodology were: 
 

¶ We could test 50 products a month at various points in their life from 0 - 2 million hits in the 
knowledge that each product had had the same wear factor. 

¶ It was in a safe controlled environment requiring no traffic management or public 
inconvenience.  To get the same technical data on the 36 products on-road, we would require 
on road closures 6 times for 10 nights along with1 set of closures for 10 nights for the removal 
section.  70 lane closures seemed unreasonable, expensive and with increased safety risks 
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when we could do all this work under controlled conditions.    

¶ The tiles are transportable enabling application and removal at the location of the competitorsô 
choice  

¶ It enabled us to test removal systems without the risk of damage to a live road surface (as 
seen below) 

¶ Material and environmental compliance reviews could be performed on products supplied  
 
 
 
An example of damage caused to a tile during removal trials 
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The testing wheel itself can be seen below. 
 

 
 
Although every sample was tested up to the full 2 million wheel passes, any that had failed to meet 
the minimum expected standards were removed from the competition.  These minimum standards 
corresponded to the on-road trial site specification  for unlit carriageway to correspond to the M5 
testing site (CS126 p25 table B.2 and B.3 and BS EN 1436) and were as follows: 
 

Performance Criteria Performance 
Level 

Measurement 

Night Time Visibility Dry (RL) R3 Ó 150 mcd 

Night Time Visibility Wet 
(RW) 

RW2 Ó 35 mcd 

Luminance Coefficient (Qd) Q2 Ó 100 

Luminance Factor (ɓ) B3 Ó 0.4 

Skid Resistance (S) S1 SRT Ó 45 

 
Once the turntable testing was complete, we moved to the removal element of the competition. 
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Marking Removal Trials on The Tiles  

As the plates had been subjected to the equivalent of several million tonnes of axle weight, the panel 
decided not to risk damage in transit and transported each tile to the various removal companies in 
the auditorôs vehicles.  They were then returned to Madrid after removals for the judging panel in 
the same manner.  
 

 
 
We held conference calls with the competitors to listen to the experts on how they would like to go 
forward. It was unilaterally agreed that we would send each of them a blank tile two weeks prior to 
their audit, that way they could look at the best way they could safely secure it to a firm surface for 
removal and test their process on it. 
 
A member of the project team attended each removal process to observe and ensure a level playing 
field. Once the removals had taken place the project team retained the test plates to allow a 
comparison to assist with identification of the methods that should be tested further.  This part of the 
process was separated out from the marking performance to ensure that any poorly performing 
markings didnôt rule out better performing removal systems or vice versa. 
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An example of removal testing and testament to how much effort competitors went to in supporting 
the competition 
 

 
 
The removal head on the left was typical of those used at the beginning of the competition with the 
example on the right showing the development that has taken place since 
 
Removal overview 
 

¶ The manufacturing companies partnered with 6 different removal companies, 2 from the UK 
and 4 from mainland Europe  

¶ 1 company entered a softening agent for paint 
o On the tile removal it showed promise with obvious signs that it did work. However, it 

needs ideal conditions to work, applied in excess of 10 mm thick, left for 1 hour in 
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temperatures above 15 degrees C. This allowed the water paint to be removed at very 
low pressure 5000 psi  

¶ 1 company entered a softening agent for cold plastic  
o Again, this showed promise but needs time, the softening time is dependent on the 

temperature, the colder it is the longer it takes to react, on this occasion it did show 
positive signs after 30 minutes at 17 degrees C  

¶ 1 company entered a release agent primer to be applied prior to the road marking application, 
in this section of the removal competition it came out top 

¶ 1 company added a black base line 25 mm wider than the impending road marking  
Á This has a dual purpose to increase the contrast for autonomous vehicles and 

to protect the road surface on removal of the road marking  
Á 2 products linked to thermoplastics  
Á 2 products linked to paints  

 

Stage 1 Outcomes 
 
The performance and removal results were then considered by the competition judging panel 
consisting of experts from National Highways, Roadcare and Aetec.   
 
Each road marking product was ranked based on the extent to which they exceed the performance 
criteria from 1 (best performing) to 33 (worst performing). These rankings for each of the 
performance criterion (Night Time Visibility Dry, Night Time Visibility Wet, Luminance Coefficient, 
Luminance Factor and Skid Resistance) were then combined to give an overall performance rating 
for each sample.  The best performing product from each category (if it had met the minimum 
standard at P0-P6 testing) was then selected to go forward to on-road testing with the next highest 
performing products from all categories selected to give eight markings for further testing in the next 
phase. 
 
All competition entrants were then notified of the findings with the performance data for their 
products sent securely to them and no one else as set out in the competition rules and to ensure 
GDPR and the entrants own Intellectual Property Rights were respected. 
 
The top three from thermoplastics, three from cold plastics, one epoxy resin and one tape were to 
be taken forward to Stage 2 for the live trials.  As no water-based paint reached the minimum 
standard, none of them progressed. 
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The table below lists the seven products (one of the eight identified to progress to Stage 2 failed on 
application in the on-road trials and has therefore been excluded from this table) along with the 
results achieved after two-million-wheel hits. 
 
 
Thermoplastics   Country HE REF RL* RW Qd SRT (See table below) 
WJ Road markings   England TP-005 411 145 256 49 

Geveko Road markings  Sweden TP-007 283 120 193 67 

Swarco     Germany TP-003 293 100 228 45 

 

Cold plastics 
Swarco    Germany CP-001 507 128 243 71 

Swarco    Germany CP-002 337 104 265 51 

MEON     England CP-007 288 130 245 49 

 

Tapes 
3M     England T-002  1028 101 284 58 

 

Others 
MEON     England O-005  154 107 251 54 

 

Water Paints  No product reached the minimum requirements. 
 
Current UK Minimum Standard for unlit 3 lane carriageway     
 150 35 100 45 
 

*Night Time Visibility Dry (RL) 

Night Time Visibility Wet (RW) 

Luminance Coefficient (Qd) 

Luminance Factor (ɓ) 

Skid Resistance (S) 

 
All measurements are referenced in appendices 2a to 2e  
 
 

 

 

  



   
 

Page 24 of 99 
 

Stage 1 Removal results  

 

 
 

 
The standard EN BS 16958:2017 was the basis for the judging panel of the removal section  
 
These being based on Annex B [informative] Photographic references of EN BS 16958:2017. The 
photograph above shows: 

¶ Tile front: new tile  
¶ Tile left: thermoplastic product removed from release primer  

¶ Tile right with 2 white squares the result of low-pressure removal after water-based paint 
solution applied  

¶ Tile middle centre: did not qualify.  
 
The original intention was for each manufacturer to have the company of their own choice remove 
their product. However, as we had several alternative methods making it through to the final and 
that each competitor would have to visit the England to complete the removal phase it was decided 
that every company would have an opportunity to remove all products and therefore provide a wider 
test of capability and performance.  
 
5 companies qualified for the final stages of the removal competition.  
 

¶ Traffic-Lines GmbH   Germany 
¶ Thames Hydroblasting   England 

¶ Track Line B.V     Holland 

¶ Veluvine     Holland  

¶ W J Road Markings Ltd   England  
 
 



   
 

Page 25 of 99 
 

Once the panel studied the results from the accelerated wheel and removal tests it was agreed we 
had enough products to make this a meaningful competition and that we should start to look for a 
field trial site.  
Our requirements were to find a section of road that was to be surfaced on or after 4th April 2019.  
We required around 6 - 8 km of new road surface that would allow us to afford the competitors 800 
metres of surface to apply their product. 
 
The site on the M5 Northbound between junctions 20 ï 18 was identified and we worked with the 
Operations team in the South West and their road marking contractor to ensure no disruption to 
their works.  We also agreed the principles for ongoing testing and evaluation up to a period of two 
years. 
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Observations / Points of Interest 

 

 
 
Some of the removal entries relied on using two heads in tandem and while they did remove the line 
the front head often overran the area required to be removed causing excessive road surface 
damage.  
These head patterns also tended to be more aggressive with the head at the back often blasting the 
recently cleaned road surface.   
 

 
 
These pictures show the effect a softener applied to cold plastic had after 15 minutes.  
9 out of 10 cold plastic products applied to the Aetec wheel passed, demonstrating a hard-wearing 
product, because it hardens by chemical reaction it also showed promise that it can be softened by 
chemicals.   
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These pictures show what can be achieved if the conditions are ideal.  Top left is the picture showing 
the water paints softener on the tiles, temperature 20° C. Picture 2 setting up for the removal and 
picture 3 the finished product after the paint was removed without any damage  
  
It was highly commendable to see the time, thought and effort all the competitors had put into this 
section and a special thanks goes out to them all. 
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Stage 2 ï On-Road Testing 

Methodology 

At this stage of the competition CEN 1824:2011 did not allow for testing on open surface texture 
pavement or on road surfaces less than 12 months old.  The standard has since been updated to 
allow testing on porous surfaces, but the age issue still remains. The markings in the competition 
were evaluated on a normal use scenario on a busy stretch of motorway with a surface structure 
typically found on the majority of the Strategic Road Network.  The testing period was also for two 
years to replicate a typical warranty period for markings. 
 
 
The format for this stage was explained to all as follows: 
 

¶ Each competitor would have 3 nights allocated to them to apply each of their products  
¶ Each night prior to going on site we would meet at a pre-designated point to go through any 

last-minute changes to the site plan.  

¶ It was expected that by following the surfacing works we should be able to start our set up at 
0100hrs, however they could set up their equipment in HE Almondsbury depot prior to going 
on to the motorway. 

¶ Once on-site, rolls of felt would be made available to carry out pre-test runs and ensure they 
were happy with their bead gun calibration and application dosage. 
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Once on site: 
 

¶ Finger printing material samples were taken. 
¶ With the aid of metal plates, samples of material with and without beads were taken  

¶ Material temperatures were taken where applicable 

¶ Ambient air temperature and weather recorded 

¶ Setting / curing times for material taken  

¶ Location recorded  

¶ Observations recorded 
 

Once the materials had been applied initial performance measurements were recorded. 
 

 
 
 
While our intention was to apply the markings in consecutive order in the same lanes, tThe final 
phase paving programme varied greatly from the original one, this had the knock-on effect of having 
to apply the test products in shorter stretches and across multiple lanes. 
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Appendix 3 shows a schematic diagram of which markings were applied in which location. 
Please note that not all the road markings are still in place as those removed within the competition 
have been replaced with products widely used on the network. 
 
With the exception of one product CP-002 which was applied on the hard shoulder lane 1 line, all 
other materials were applied to the running lanes. 
 
Traffic volumes for the test stretch measured by the MIDAS loop detection system was as follows: 
 

¶ 0 ï 12 months  17 million  
¶ 12 ï 24 months  31 million  

 
Each productôs application information, including drying times and application dosages can be found 
at appendix 5.  
 
Product HE-TFR-O-005 a white epoxy paint, did not cure after 75 minutes on the night of application 
[twice the recommended drying time]. At 02.45hrs it was classed as a failure and a standard 
thermoplastic was used   
 
A black base line was applied beneath several sections of the road markings as was the clear 
removal primer.  
 
We then began testing.  For every set of static measurements, the first set of measurements was 
100 metres into the total length with the rest of the line split equally. Should any noticeable 
deterioration look to have taken place, such as excessive braking, we would look for the nearest 
unblemished mark.  
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Primer under road marking after 24 months 

 
6 months after the application, a high-speed performance measurement exercise took place using 
a Zehntner monitor. This vehicle takes multiple measurements at speeds of up to 60 mph for dry 
night retroreflective only. The road surface was dry.  
This set of results have been compared to the 500,000 Aetec hits. The results can be found on the 
spreadsheet at appendices 4a-g. 
 
We then intended to do the 12-month tests slightly earlier to fall in line with the financial year end 
and carry them out on 23rd- 25th March 2020. The plan was to run the removal competition and the 
11-month performance results.  The high-speed test went ahead on the 22nd March. The results can 
be found on the spreadsheet at appendices 4a-g. 
 
At this time a second high-speed monitor from RetroTek was introduced to the project, this particular 
vehicle has the capability to measure 2 lines at once as opposed to the other systems that measure 
one. This would also allow a correlation of results. 
 
Uncertainties around the pandemic and fears of quarantining meant that we had to delay the 
removal element of the competition but were planning to go ahead with the static performance 
monitoring of the markings.  On the 23rd March, with everyone fully briefed, the traffic management 
was deployed. Just as we were entering site the Prime Minister announced the first national 
lockdown.  As the traffic management was out and traffic running down the lane 1, we decided to 
get what static measurements we could.  
This allowed us to get one set of results on all products with the exception of CP 002.  
 
We then carried out a further round of high-speed monitoring at the 18-month stage to ensure 
continued performance of the markings.  The results can again be found on the spreadsheets at 
appendices 5a-g. 
 
A date was set for the 10th/12th May 2020 to complete the 24-month high speed and static 
performance measurement of the products. 
 
In line with the other high-speed surveys, we surveyed the whole of the M5 work site including 
markings that were outside the competition but applied during the same period as the competition. 
These non-competition markings acted as a good bench mark for what National Highways are 
currently getting.   
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The traffic management scheme was identical to October 2020.  Each competitor was invited to 
have their own representatives on site to measure their own lines, it was stressed that they could 
not go around measuring other products. Due to Covid restrictions we asked each competitor to 
attend site on the evenings when their materials were being tested rather than being present the 
whole time. 
  
The weather forecast was for showers and while not ideal we needed to complete the trials in the 
24- month time frame. 
 
We did have heavy showers on the 10th and 11th and we managed to get 6 of the 7 products tested. 
The 12th was completely washed out and the works abandoned. Our fall-back plan was to utilise 
other planned maintenance closures and so measurements for line CP-002 took place on the 
evening of 3rd June 2021. 
 

The charts included in Appendices 4a-g show the dry Aetec static result vs high speed M5 field trial. 

High speed results were used as they average out data across the whole of each sample stretch. 

Wet results are all static tests. 

 

Our findings suggest that in the early stages of the productsô life, application rather than product is 

the major variance.  Materials applied at the Aetec facility are done so in perfect conditions, exact 

temperatures and dosage. Materials applied to the tiles at local company facilities often had many 

attempts at getting the settings correct and a team of technical people to apply the material from 

previously clean boilers or pots. 

 

With the tape we were told that the product has coatings applied to it that reduce the initial readings 

but wears off quickly to give a consistent result. 

 

Measurements were taken as  

 

Aetec    Field trial  

 

Zero Hits   Zero Hits 

500,000 hits   6 months 

1,000,000 hits  12 months 

2,000,000 hits   24 months 

 

 

While the detailed results for each product are shown in Appendices 4a-4g, this is the overall 

summary ï  
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Findings   

General  

¶ Little calibration of equipment carried out on a nightly basis, which is fine if the equipment is 

initially applying the right dosage but creates a problem if not. 

¶ Thin markings difficult to see in low sun conditions 
 
  

CP001 CP002 CP007 TP003 TP005 TP007 T002

Dry Rl 310 257 230 202 202 427 645

Wet Rl 357 144 145 83 53 206 135

Qd 135 144 140 150 135 165 152

SRT 65 79 65 62 58 75 50

0

100

200

300

400

500

600

700

m
e
a

su
re

m
e
n

t

Axis Title

Chart showing High speed results for Dry Rl and other performance  
measurements after 24 months 

Dry Rl Wet Rl Qd SRT



   
 

Page 34 of 99 
 

Thermoplastics  

 

¶ On the wheel testing in Spain 5 out of 10 products applied made it past the minimum required 

levels after 2 million hits.  

¶ All three products made, it past the 24-month period levels set. Only one product, the profiled 

product TP 007 showed consistent levels of above 100 mcd in the wet.   
 

Observations: 

 

 

For Against 

UK dominant material with a trained 
workforce and specialised equipment 

Applied at high temperatures often in excess of 200 
degrees: may have safety and environmental issues 

Fast setting meaning early trafficking. When applied in an extruded form it forces the hot 
material into the asphalt voids creating a potential 

issue when being removed 

Hard wearing No evidence shown that when the drop on bead wears 
away that the mix in bead ever reaches the level of 
initial retroreflectivity in both dry and wet conditions 

Reasonably weather tolerant which 
allows it to be applied after forced drying 

When applied in an extruded form it forces the hot 
material into the asphalt voids creating a potential 

issue when being removed 

Can be applied at high speed  

  

 
Cold Plastics  

 

¶ The best performing category with all 3 products showing wet night results over 100mcd after 

24 months 

¶ Of the 10 products tested on the accelerated wheel 9 passed 

¶ This combination suggests cold plastics are the hardest wearing and best performing product 

in the competition  
    

Observations:  

 

 

 

For  Against   

Highly durable  Drying time of up to 38 minutes  with no 
traffic in the meantime 

Fast application and set up  Less tolerant to rain and humidity 

Requires no artificial heat to apply  Odour 

Gave best results after 2 million hits 
when applied at 600 microns  

Untrained UK workforce 

This thin product caused least damage 
upon removal  

Different application equipment required  

Thin product showed better removal 
qualities  

Profiled line showed harder removal 
qualities  
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Tapes  

 

¶ Slower to apply.  

¶ Consistently high dry night retroreflectivity. 

¶ Average wet night time retroreflectivity.  
 

 

Observations: 

   

For  Against  

Pre factory made ensures consistency More expensive than other options 
initially 

High performance levels  Slower application 

Slower but lower cost of application 
equipment  

Caused most damage upon removal  

Potentially a minimum life guarantee    

Hard wearing    
 

 

Paint  

 

¶ The roughness of the tiles used on the accelerated wheel proved a harsh environment for 

the competition paint products, the manager of the laboratory did say smoother tiles would 

give better results for these products.   

¶ Water paints could be a good alternative for temporary road markings. They are applied at 

less than 0.8MM by spray and therefore rarely fill any void within the asphalt.  Thin sprays 

often equal better wet night retroreflectivity on open texture surfaces. 

¶ Once the drop on material has worn away it allows the product to be over sprayed.  

¶ On outer edge lines or chevrons at junctions which do not get run on it could offer good cost 

per metre savings.  

¶ Need regular testing and overspraying on network. 
 

Observations:  

 

For  Against  

Fast application  Drying / wash out times  

Equipment cheap and easily available On the accelerated wheel only 1 of the 
10 products made it past 500k hits 

Thin applications = overlays possible Not recommended to recover old paint 
lines with hot thermoplastics  

Can be removed with softeners in right 
climatic conditions  

Investment needed in automated laying  

Good iinitial retroreflectivity  Weather dependent  

 Wet night-time retroreflectivity 
dependent upon road surface texture 

 Less hard wearing and require more 
performance monitoring 
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 Observations / Points of Interest  
The majority of road markings work on a similar principle. Small glass bead plus an anti-skid agent 
being applied to the top of the road marking resin / binder when it is still workable. 
For the best performance, most manufactures will recommend that the bead is embedded 60% into 
the resin / binder with 40% exposure to the traffic.  
These beads are often coated with a unique clear material that will help them bond to the binder or 
resin.  
The beads are graded in size and can be produced in a variety of ways and for a variety of reasons., 
Larger beads, for instance, aid wet night time performance.  
Cheaper grade beads are often added into the basic thermoplastic mixes. Beads do vary greatly in 
quality and price, along with the correct application method they are the biggest influencer on how 
the road marking will perform.  
 
The Competition and EN BS 1824:2011 
 
The competition had several departures from BS EN 1824:2011 

¶ The road surface was less than 3 hours Vs 12 months or older required in the standard. 
¶ The surface was a standard HE high porous surface, again outside the 1824;2011 standard, 

which excludes these types of road surface. [this standard was changed in November 2020 
to include porous surfaces] 

¶ Traffic count departed from the standard and used MIDAS data. There were 31 million 
vehicles using the test section of the M5 over the two-year period.  

¶ The line patterns applied in situ and not to the conventional ñcattle grid pattern across the 
whole lane width.  

 
The road markings applied by the wider scheme around the competition markings were mistakenly 
applied at 100 mcd.  Regardless of it being sub-standard, this became a good benchmark to 
measure success or failure against. 
 
Products 
 
Product CP-007 was applied on a transition point in the road, during times of light rain the water 
would not allow forced drying and as a consequence we believe it gave lower static results.  
. 

¶ Some companies struggled to get the same material dosages in the field trial compared to 
those applied on the HE Aetec tiles.  While those products applied to the tiles generally 
followed manufacturerôs recommendations, we did see a reduced initial performance level on 
the road in comparison. 

¶ Contractors using conventional hot applied thermoplastic machinery had more confidence 
with that equipment than when using cold plastic equipment  

¶ Geveko and Swarco brought specialised teams of road trial applicators.  

¶ Products CP-001 and CP 002 had application machinery from Germany brought to site to do 
the application.  

 
Comparison between Aetec Wheel results and On Road Testing 
 
The tiles used at Aetec did have some variance form the road surface, notably 

¶ The tile is 25mm thick and only textured to the required depth.  After that it is solid with a 
steel mesh impregnated into it for strength and this will affect the drainage quality. 

¶ The tile is made of epoxy and the colour fastness is black, unlike the road surface which will 
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revert to the aggregate colour once the bitumen has worn away. Therefore, Qd results can 
be inflated. 

 
The other observation to note is that materials applied in the laboratory are applied to the exact dose 
and required temperature, without the influence of weather. 
Materials applied with the manufacturer's equipment of choice on their own premises had teams of 
technical personal on hand to ensure the correct procedure and dosages were applied.  
Some companies had multiple attempts to get it right.  
All companies had clean boilers or mixing pots.  
 
On the live road triails equipment was set up in the dark and in some cases, very little attention 
given to the set up. 
A roll of sheeting was fixed to the road to allow a maximum of two dummy runs before applying the 
line to the newly laid surface.   
Our observations would suggest that correlation between the high- speed wheel and the materials 
applied to the road surface are closer once the materials are older than 12 months or 1 million hits 
as the application differences start to be removed and the design of the product begins to take effect.  
 
Paints 
 
While no paint-based markings made it through to 2-million-wheel hits, it should be noted that paints 
are the globally dominant material and are constantly improving. Our results suggested they offered 
good potential as temporary markings in the right weather conditions and with regular performance 
monitoring.  They are also easier to remove when applied in temporary situations.  
 
We engaged with project leads to share our findings on what we believed using thin layers of water-
based paint applied at 0.8mm would bring to temporary traffic markings rather than the 3- or 4-mm 
thickness of thermoplastics that was the current norm at the start of the competition. We explained 
that a thin ribbon of paint sprayed on to the road was not as hard wearing but potentially easier to 
remove.  In the trials some products showed a functional life of 500,000 hits on the wheel. 
 
This led to the opportunity to apply the best performing paint from the competition by Swarco on the 
M20 at West Malling in Kent.  This paint had achieved the following performance at Aetec: 
 
HE-TFR -WP-007 at 500,000 hits   
 

¶ Dry Rl           170 
¶ Wet Rl           61 

¶ Qd             190 

¶ SRT   60 
 
The beads had a factory applied coating added to them which aided a faster curing time. It should 
be noted that while paints show a lot of plusses for the removal, they do have issues being applied 
in damp conditions and cannot be applied in wet conditions.  
 
Unfortunately, the weather was showery, which is not ideal for paint but nonetheless the product 
went down and cured after 35 minutes. The success on this scheme has resulted in the approach 
being used by major temporary markings applicators meaning less potential for surface damage on 
removal. 
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Application of the temporary paint markings 
 
Performance Compliance  
 

1) A major issue in monitoring road markings and their functional life is how to ensure ongoing 
performance. 

They are often applied at the last minute before the lane closures are removed meaning little time 
is left for testing them. Furthermore, there is little evidence to suggest that even when road markings 
fail anything is done to rectify them. 
 

  
 

This line is less than 12 months old  
 
Throughout this competition we have measured 3 forms of testing and looked to correlate them 
against each other  
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¶ Accelerated wear testing 
¶ High speed vehicle mounted devices  

¶ Static field testing  
There are many opinions which is the most representative with plenty of arguments for and against 
each. What is clear though is that to carry out testing on all performance characteristics requires 
road closures which isnôt practical on a regular basis.  The only measurements regularly carried out 
therefore is dry retroreflectivity at high speed.  Compliance to standard in other areas is generally 
unknown although contrast is often used as a proxy for Qd. 
 
To try and explore the potential to test out the use of high-speed monitoring for wet night-time 
retroreflectivity, on the evening of the 10th May we did a short experiment using the front mounted 
RetroTek monitor.  
In accordance with CEN 1436 table 4 (classes of Rl for road markings during wetness), we carried 

out static testing on 100 metres of lines. We then wet the lines over the same distance to the same 

standard for 60 seconds before running the high-speed monitor over it. The results were as follows: 

 

 

Wet night retroreflection testing High speed Vs Static test  

 

Measurement     High speed    static  

1     226    217 

2     246    202 

3     207    220 

4     250    236 

5     249    237 

6     236    245 

Average reading   235.66   225.16  

 

A 4.4% discrepancy between the two suggests that we have identified equipment that gives the 

possibility of being able to measure wet night-time retroreflectivity in future without having to close 

roads to do static testing.  This still needs a system that can apply the correct amount of water in 

advance of the testing but there is real potential to research this further. 

 

This would support CS 126 - Inspection and Assessment of Road Markings and Road Studs - 

section B2.2 Correlation factors ñWhere hand-held readings are taken, they should be recorded over 

lengths no shorter than 50m for averaging purposes. Manufacturers produce correlation factors, and 

these should be applied converting a vehicle mounted device reading to an equivalent reading by a 

hand-held instrument.    

          

2) Visual assessment is another method of measuring performance but as can be seen from 
the plates below, in daylight markings can appear to be very similar but react and perform 
very differently under light.  The marking on the left is out of specification and the other well 
within specification.   
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CS 126 inspection and assessment of road markings and road studs relies heavily on visual 
assessment and applies age-related corrections to achieve visibility results from initial surveys. 
Anecdotal evidence suggests that visual methodology is used more often than not but is a crude 
test in comparison to more precise instruments that are available. 
 

3) In the same document CS 126 - Inspection and Assessment of Road Markings and Road 
Studs Terms and definitions page 7, functional life: the period which the road marking fulfils 
all the performance requirements initially specified. The life is influenced by the thickness of 
the laid materials, the type of materials and the nature of location, including the traffic. The 
number of roll overs identified on the product test certificate to BS EN 1824 [Ref 9.N] or as 
identified by the marking manufacturer.  

 
Our findings, including photographic evidence, would suggest that thickness has no bearing on the 
material performance with little evidence of secondary beads coming into play.  Performance is 
affected more by quality of the primary bead and their binding.  To that extent, attention to detail at 
the time of application is the most important factor.  
 

4) Static and high-speed testing do vary, testing the same marking within hours of each other 
will give slightly different results.  

Static testing does require people on the carriageway, it is a timely process and gives a snap shot 
of a section of road. On average it took around 100 minutes to complete the full set of readings per 
product.    
 
High-speed testing can be carried out at 50 ï 60 mph averaging stretches of road to given 
dimensions normally 100 metres.  Some systems have on-board video technology to allow every 
line to be visually inspected should it be required. The DNA of the road can be produced with 
predictive forecasting of life expectancy.  
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Currently high-speed machines only measure dry retroreflectivity, in some cases they are capable 
of measuring contrast, but not as defined Qd. However, a lot of development work is being done in 
this sector and should be reviewed bi-annually.  
 

Efficiencies  
  
Feedback from industry during the trial reflected on that the claim that you cannot have a hard 
wearing high performing dry and wet night-time retroreflectivity with good levels of skid resistance, 
particularly in thinly applied materials.  Twenty years ago with the raw materials that were available 
it may have been the case. Our trials have demonstrated that this is no longer the case.  
 
 
 
 
Product CP001 was applied at 0,8mm thick and without doubt demonstrated that there are materials 
that can be applied significantly thinner than the current UK standard and offer a higher 
performance.  
Cold plastics are more expensive than thermoplastics but when surface area covered per ton is 
calculated it is neutral. 
 
1000-ton thermoplastic applied at 3 mm thick gives a coverage of 160,000 M2 
1000-ton of CP 001 applied at 0.8 mm has an approximate coverage of 500,000 M2 
 
It  is also showing a longer functional life and much higher performance level. 
Cold plastics require no heating as opposed to thermoplastics which have to be heated to 
temperatures of at least 180 degrees Centigrade which in itself can be a safety hazard. 
 
We have not carried out any research into how the materials are manufactured and so cannot 
comment on the carbon foot print surrounding the manufacture of the products 
 
Water-based paints: On the accelerated wheel test none reached the required performance levels, 
however, they also are applied a thickness less 1mm require no heating. Water based paints have 
shown good potential on eradicating ghost markings.  There will still be some surface impact from 
the hydroblasting removal which will affect appearance. 
 
Tapes: As the one tested was manufactured in a controlled environment, the quality is controlled 
and performance consistently high 
 
In the various forms of materials there are trade-offs, thermoplastics are quick to apply. Weather 
tolerant, fast setting.  
 
Should there be a move towards cold plastics or paints, it would entail adopting a different work 
mentality, both these products can offer higher production rates, but both require drying / setting 
times of up to 35 minutes. 
Both products are more susceptible to wash out, these issues are constantly being reviewed and 
improved  
The UK industry would need time to train its workforce and invest in new equipment. 
 
The indications are that tapes will perform as long, if not longer, than other materials, but this is 
reflected in the initial cost.  
The application is slightly slower but motorised applicators are starting to enter the market.    
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Conclusions 

 
1) The competition has shown the potential to increase minimum standards of 

performance particularly in wet night-time retroreflectivity.  
o Wet night performance of the road markings tested are greatly aided by the open 

texture of NH road surfaces. This will not be the case on HRA surfaces.  
o Primarily the higher wet night retroreflectivity performance of road markings is 

governed on how quickly the rain water on the glass beads can be shed to get the 
bead back to its original spherical shape 

o The line shown below (CP001) gave readings of 357 mcd when tested in the wet in 
accordance with CEN BS 1436 measured after 24 months and 31 million vehicles 
travelling over this section of road. The product was applied at 0.8mm and followed 
the contours of the road surface, with the following benefits  
Á The water drains off the markings quicker 
Á A large % of the surface applied glass beads are protected from direct wheel 

hits as they are protected by the texture of the road surface. In theory these 
beads should last longer. 

 
 
 

 
 
Flat lines are normally associated with poor wet night performance as on high density 
surfaces the water will not drain away, see below.  
 
 
In countries that have closed textured road surfaces they get around the wet night time 
performance issue by applying structured markings.  
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(diagrams used by permission of Geveko) 

 
To overcome this problem countries that have concrete or closer-knit texture wearing courses go 
for a profiled marking. This has the added benefit of an audible sound being produced when a 
vehicle runs on it. 
These profiles come in many different shapes and size. The one shown below is very popular in 
Europe as its irregular pattern and no base line allows the products to perform to higher standards 
It should be noted that no product like this was tested in the competition, because of the UK 
requirement that it should be a 70% continuous marking.  
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2) Another system for improving the road marking performance is the use of dual bead guns 

that apply large and smaller beads into the surface of the marking before it cools or sets.  
Once these drop on beads have worn away there is little evidence to show that the intermix beads 
added at the time of manufacture offer little in the way of performance.   
Glass bead products generally work to the maximum performance with 40% of the bead exposed 
outside and 60% of the bead inserted into the binder for adhesion.  
 
Our findings show thicker extruded markings wear away equally across the surface and the 
performance decreases accordingly due to loss of drop-on beads.  Profiled markings or thin sprays 
avoid this. 
 
This is shown in the picture below. It also helps explain why markings that are extruded into the road 
surface [as is common practice in  UK] remain in position long after the functional life of the product 
has expired.  
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This picture further demonstrates the problematical issues surrounding the removal of extruded 
thermoplastic road marking from open textured surfaces. 
Thermoplastics applied at temperatures greater than 180°C are injected into the road surface 
fissures.  They then fuse with the bitumen binder. In order to remove all the road marking material 
it is inevitable some weakening will occur to the running surface.  
This is necessarily be the case on concrete or HRA which is why the competition methodology is so 
important to National Highways and the SRN as it is the most up to date study on road marking 
interaction with the most commonly used surface type.  

 
 

3) There is a need to elevate the importance of road markings throughout the supply 
chain  

Road Markings are a key element of the driver experience and driver safety. The road marking 
operation is the last cycle in the works and often has the least time to apply to remove their products, 
this does have a bearing on the quality of workmanship. There is also a need to ensure that 
designers are aware that there are a range of materials available. 
For application of cold plastics and water-based paint, both products have a curing time.  During 
this period site traffic cannot run over the markings for fear of ñpaint-pick upò.  The timing of this 
will vary depending on ambient air temperature or humidity but normally this will be in the 25 ï 40-
minute time bracket. 
Applying any road marking to a road surface that has been force dried following a period of rain is 
a risk on open textured wearing course. The nature of open textured surfaces promotes drainage, 
an area force dried will not stop water from draining below it so in these circumstances force 
drying a larger section of the high side of the road should be considered Water paint for temporary 
markings cannot be applied after force drying.  

 
A greater working window needs to be given to the contractor to allow them the time to go about 
their work in a sustainable way if we are to achieve the optimum result.  
 

4) Better ongoing performance monitoring is required to ensure markings meet the 
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specified standards. 
 
More attention to detail is required at the time of application to ensure that the material applied is 
the same as the certified product purchased to provide the expected level of performance.  This 
needs to be followed up with regular testing of all performance characteristics as set out in the 
standards in place at that time. 
 

5) Use the right product to deliver the best solution 
 
Historically thermoplastics and cold plastics were designed for permanent use. When applied to 
open textured wearing course they form a strong bond. When used as a temporary marking they 
will be problematical when being removed.  
Products that are sprayed rather than extruded give better chance of being removed with minimal 
damage. As a result of this trial thin sprayed markings are now used for temporary markings rather 
than extrusion. 
 

6) Consideration should be given to testing methods used in future to encourage 
further innovation and adoption of emerging products. 

The data in this report show that there are potentially alternative methods to the traditional on-
road testing that can prove performance and longevity and will bring products to market much 
quicker and avoid the need for disruption to the network through road closures. 

 

Stage 3 - Removal Testing 

Methodology 

We engaged with the removal companies as the experts to go through the programme timing and 
what would be the fairest way to run the competition.   
We again explained what National Highways wanted from the trials and that we would welcome 
cross company collaboration. This was the first time such a gathering had been done and so we 
were open to suggestions   
 

¶ All 5 companies would be in attendance on all 3 nights 
¶ Each company would remove the same amount of line each night, a proportion of which 

would be white markings on black base line, some on the removal primer and the remainder 
directly to the asphalt. 

¶ A draw would take place to determine who went first and they would then rotate to fifth place 
for the second session and so on to give everyone a fair opportunity to observe earlier 
attempts.  

¶ All 5 companies would complete the removal of a product before everyone moved on to next 
product.  

¶ PTS would carry out sand patch testing behind the removal process to measure the texture 
depth as a proxy for surface removal. Photographs would also be taken in line with Annex B 
BS EN 16958:2017. 

¶ The removed lines would be replaced after the sand patch tests had been taken. 
 
Road space was booked and methods of working agreed. 
 
Due to Covid, it was decided to postpone this phase of the competition and look to do these works 
later in the year. 
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A new date was set for 5th - 7th October 2020.  We re-engaged with all stakeholders and despite the 
ongoing threat of travel restrictions each fully supported the continuation of the competition. 
It was a great reflection on everyone that despite all the border controls and changing regulations 
everyone managed to get people, equipment and materials to site and eventually, safely back home. 
In the true spirit of collaboration, National Highways current road marking suppliers assisted our 
international colleagues in every way they could. 
 
The traffic management plans were as follows. 
 

¶ 5/6 October - Run all traffic down the hard shoulder at Junction 19, take the traffic off the 
main line and back down the entry slip road.  As this was effectively a full closure below the 
interchange, we felt it was a good way to acclimatise our international crews to the 
environment by starting there, working from the south to the north in the direction of traffic. 
For safety reasons we decided that the removal teams and the static measurement teams 
should not be working in the same zone at the same time and so while the removal companies 
started to work on the TP-007 line our static measurement teams took readings of T-002 
before dropping back round to take the readings of TP-007, this pattern continued for the 3 
nights.  

¶ 6/7 October - The same traffic management as the previous night and same concept start at 
the south and work north. 

¶ 7/8 October Run the traffic down the outside lane to 300 metres past the CP-002 line and 
again work south to north. 

 
The changes to the as-built programme and lack of working window did mean that not all products 
had the black base line or removal primer below them. Also, the length of lines that we applied did 
vary according to what was made available to us on what night.   
 
We also needed to ensure that a reasonable amount of road marking was available for the final 
static and high-speed measurements in May 2021. 
 
With these parameters set we asked each company to remove the following lines, in the following 
order.  
 

¶ Geveko-TP-007:  1 x base line, 1 x primer line and 5 x pure lines  
¶ 3M-T-002:   5 x pure lines  

¶ WJ-TP-005:  5 x pure lines  

¶ Swarco-CP-001 1 x base line, 1 x primer line and 5 x base lines  

¶ Swarco-TP-003 1 x base line, 1 x primer line and 5 x pure lines 

¶ Swarco-CP-002 1 x 10 metre continuous section of 20cm line  

¶ Meon-CP-007 5 x pure lines  
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Observations 
 

¶ All the systems of removal were high pressure water systems, which varied in the amount of 
removal pressure being used ranging between 40000 psi ï 25000 psi.  

 

¶ Water consumption also varied from company to company ranging from 30 litres per minute 
up to 60 litres per minute.    

 

¶ The company using the 60 litres per hour had a recycling unit with it that allows the same 
water to be used up to 6 times and turned the removed product into a solid state for safer 
disposal 

 

¶ The number and nozzles on the jet spray heads also varied.  Initially at the start of the 
competition 24 jets were common, now we are seeing heads with 54 jets and angled to aid 
removal. 

 

¶ On profiled markings 2 of the companies choose to scabble the top of the line to break up 
the upper layers before removing the base line. 

 

¶ Two removal agents were applied, and while we did visually notice a softening taking place, 
particularly on the cold plastics, curing time and the wet weather made these impractical 
under the conditions. 

 

¶ We followed the recommendations in BS EN 16958 for the judging of this section, based on 
sand patch testing and photographic reference.  
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¶ Despite language barriers there were high levels of collaborative working and information 
sharing.   

 

¶ Where a wider baseline had been used, we asked the companies to leave as much black line 
beneath the white marking as they could.  In several cases this resulted in no road surface 
damage. While this is encouraging from the perspective of road surface lifecycle it will slightly 
reduce wet night time retroreflectivity due to decreased porosity of the pavement. 

 

¶ All road markings that had been removed were replaced on the night. 
 
 

 
    

Picture showing the black base line remaining after the white line removal giving additional 
protection to the asphalt joint. 

 



   
 

Page 50 of 99 
 

  
 
 

¶ All contestants keep the water head jet down and working when traveling between dots, at 
these pressures it is almost inevitable that bitumen will be remove and aesthetically there will 
be a colour change. 
 

¶ The removal of fine aggregates can be seen in the photograph below.  How much this 
reduces the lifecycle of the road is an unknown.  

 

 
 

¶ All materials removed were disposed of at a local licenced disposal compound. 
 

¶ Tables showing the results of the removal phase can be found at appendices 4a-g. 
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Points of Interest  

On the first evening, the traffic management was 2 hours late going out. This is a key issue that 
compounds the problem for the road marking companiesô working window. Increased pressure to 
deliver in a shortened time frame for either application or removal is not conducive to quality delivery. 
 
The UK  does not have a specification for road marking removal, only a guidance note (CEN-TR 
16958:17). 
It is perhaps understandable, if not acceptable, that we see a different levels of scarring / ghost 
markings on our roads.  
 
Operator performance has a direct impact on the quality of the outcome.  

 

 
 
   
The removal of road markings is often considered as the reason asphaltic joints start to fail early  
These photographs show the test site. The photo on the left without any road marking and the photo 
on the right after the removal of a road marking. 
 
There is little doubt that blasting these joints with high pressure water is harmful to the joint and we 
donôt truly understand what damage the water blasting does to the road below the surface. High 
pressure water does not discriminate between road markings and road surfaces. 

 
Removal Conclusions 

1) Consider developing more comprehensive removal requirements that includes the 
quality of the road surface left behind 
Current guidance focusses on the proportion of the marking to be removed with no 
consideration of the impact on the road surface itself.  CEN 16958 Road marking materials ï 
Conditions for removing / masking road markings: has been written and endorsed by 34 
countries. Its aim is to give some guidance about how to proceed. However, much of its focus 
is away from the open texture road surfaces more commonly found in England resulting in a 
need to focus on surfaces typically found on the SRN or preferably with separate sections 
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linked to different surfaces to include HRA and concrete.    
 

2) Using the correct materials supports better removal. Road marking materials that are 
extruded [forced into the surface texture] do require a more invasive procedure to remove 
them and consideration should be given at the planning stage as to what materials go where 
and when e.g. where conditions allow, paint is a potential solution for temporary markings.  

 
3) Further innovation can support improved removal.  We have seen in the competition that 

there have been rapid developments in removal heads, even within the timeframe of the 
competition.  We also saw removal operations with control systems for water pressure and 
volume that could aid set up. Road marking materials can fuse to the bituminous materials 
on the road surface aggregate. When removing the road marking high pressure water does 
not discriminate and will remove the bitumen. What long term effect this has on the life cycle 
of the road is unknown. Premature loss of aggregate and pot holing is evident on the network 
and more investigation could be explored. 

 
4) Better collaborative planning can provide better conditions for removal. Removal crews 

are often given very limited time to carry out their operations.  They need time to set up their 
equipment and monitor its performance throughout the operation rather than rushing through 
a removal under unrealistic time pressure. 

 
The removal contractor can only work with the surfaces that they are given.  
On the M5 test site we have witnessed a breakdown of asphalt joints. 

Removal of road markings on these joints will only serve to compound the problem 

 

 

 
 

Applying a black base line beneath the road marking would help protect the joint when removal is 

taking place and it should give a higher Qd contrast reading than against worn asphalt, but at the 

same time reduce the wet night time performance due to water drainage off the road marking.                         

 
Products we tested to aid the removal process did show promise, however they are subject to 
weather and timing issues and need to overcome these issues to make the commercially viable. 
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5) Sequencing of works with a focus on final road condition will produce the best 

results.  Surfacing early in a scheme and forcing temporary markings to be installed on the 
finished surface, is the prime reason for completed schemes appearance.  Where possible, 
surfacing at the end of a scheme and applying road markings last would mean no 
temporary markings would be laid and ghosting would be eliminated completely.  
 

 
Equipment and methods of working are improving all the time. Currently high-pressure water 
removal dominates this sector for several reasons  

¶ Speed 
¶ Finish 

¶ Versatility 

¶ Environmental concerns (burning off no longer acceptable). 
In most cases only the machine operator can see what pressures they are applying. An untrained 
operator can make good equipment look bad, but not make bad equipment look good. The machine 
operator is the major factor on the removal finish.  
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General Issues and summary  

During the competition it is apparent that road marking products have improved since the last road 
trials in the UK took place.   
 
The lack of road trials in the UK over the past decade has been a limiter on innovation and 
development of road markings.  These previous tests were based upon one million hits equalling a 
yearôs wear.  The markings in this competition were subject to double that on our turntable testing 
which was completed in just two weeks.  We didnôt specifically measure hits during the on-road 
phase, the markings went through two years testing in all weathers on a stretch of road that saw 31 
million vehicles pass through in that time.  After all of this, their performance is still at a very high 
level in comparison to existing standards.  
 
Currently it takes around 30 months to get certified following the approach specified in BS EN 1824, 
using traditional road trials.  If road trials go out to 2 million hits to reflect increasing traffic it could 
take 48 months. 
 
Turntable testing has proven to be a robust methodology in this competition and potentially allows 
products to come to market much more quickly. 
 
This competition has proved a catalyst for the road markings industry on the need to change and it 
is evident that parts of UK industry is stepping up to the challenge with new techniques and removal 
systems being developed. These include the use of different marking materials (wider use of paint 
as appropriate) and more nozzles at varied angles on removal heads. 
 
We have learned that the more textured the road surface, the harsher the environment for the road 
marking.  As the last road trials took place so long ago, the change from hot rolled asphalt and 
chippings to the open textured wearing course has not been taken into consideration. 
Hot rolled asphalt being a denser surface, removal was less problematic, and the joints took kindlier 
to a road marking being applied onto them.  
 
When applied to open textured wearing course (with its increased drainage properties) wet night 
time visibility performance of products has improved dramatically.  The current standard of 35 mcd 
was set at a time when industry didnôt have the technology to manufacture products much above 
this level.  This competition has demonstrated beyond doubt that wet night time levels of 100 mcd 
are now regularly achievable. Using the Cost 331 programme (A European Commission programme 
which provides calculations on visibility distance based upon test characteristics of road markings) 
it can be demonstrated that a driverôs time to react could be improved by as much as 50%  for the 
best performing marking for wet night time retroreflectivity that was observed in the competition (see 
table below). 
 
The following table shows what this means in terms of driver reaction time for the following profile:   
An average eyesight of a 60-year old person driving at 70 mph and looking at a continuous 15cm 
wide line.  
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The following series of photos (used courtesy of 3M) further demonstrate the importance of wet 
night time retroreflectivity 
 
 
 
 
 
 
 
 
 
 
 
 
From right to left are the same markings in the dry in the daytime, secondly in the dry at night and 
finally in the wet at night when it has virtually disappeared.   
 
In France, crash data studies (Source: BAAC (French road traffic database, government open data))  
were carried out over the last 12 years. Adjusted for average traffic density (90% of traffic occurs 
during the day), the statistical analysis showed that driving at night increased the risk of an injury-
causing crash by 3.5 times, and the risk of a fatal crash by 6 times (compared to driving in the day). 
At night in the rain, those numbers climb to 7.7 times and 10 times respectively. 
We have shown that there are plenty of products that can achieve a much higher level of 
performance than our standard for  wet night-time retroreflectivity ï and this isnôt at the expense of 
skid resistance which is widely thought of as a combination that couldnôt be achieved.  This could 
be a significant safety improvement. 
 
On the evening of the 10th May we did a short experiment using the front mounted RetroTek.  

In accordance with CEN 1436 table 4 ï classes of Rl for road markings during wetness, we carried 

out static testing on 100 metres of lines. We then wet the lines over the same distance to the same 

standard for 60 seconds before running the high-speed monitor over it. 
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Wet night retroreflection testing High speed Vs Static test  

 

Measurement     High speed    static  

1     226    217 

2     246    202 

3     207    220 

4     250    236 

5     249    237 

6     236    245 

Average reading   235.66   225.16  

 

A 4.4% discrepancy between the two suggests that we have identified equipment that gives the 
possibility of being able to measure wet night-time retroreflectivity in future without having to close 
roads to do static testing.  This is dependent upon developing a process for the correct amount of 
water to be applied.  
 
To add to this, it would be possible to do further research on high speed measurement of all 
performance categories if there was an appetite to do so.  This could test the accuracy of SRT Scrim 
vs Static readings and could also be combined with investigation of surface texture depth damage 
if that were to be adopted as part of any future removal standard. 
 
As part of the findings the project team identified that some water-based paint markings, although 
not successful in reaching the required minimum requirements to pass 2 million-wheel overs, did 
show potential to be used as a temporary marking. While they may not last for two years, their 
performance was of such a high level for a sufficient length of time that they have great promise as 
temporary solutions in the correct weather conditions.  The rationale being that using the right 
product in the right location instead of the current trend of one product fits all is the optimum 
approach.   The ability to reactivate, based on regular testing, and easily remove these markings 
offers huge potential for temporary changes in running lanes although they would need regular 
monitoring of performance and potentially over spraying. 
 
One observation worth noting is that 90% of cold plastic entries passed minimum standards after 2 
million wheel hits compared to 50% for thermoplastic, suggesting that they are harder wearing if 
applied in the right pattern.   

Four of the competition entries included a wider black base line to increase contrast to aid 
autonomous vehicles in the future. Our findings suggest this did save the joints from excess damage 
during removal. 
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This picture demonstrates the contrast between one of the competition entries in the foreground 
with a traditional product beyond it 
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The brighter sections circled are the road marking materials that have been down for 24 months.  
The duller sections are the reinstatement to the lines removed as part of the trial which have been 
down 7 months and are to current National Highways standard marking.  The contrast is marked 
and  demonstrates what can be achieved. This shows the advancements that have been made. 
 
Having seen the high performance of thin sprayed cold plastic, we wanted to evaluate the potential 
of thin sprayed thermoplastic as there are some major benefits of using thin spray materials.  

¶ Thin sprays can be applied at 0.8 - 1.5 mm thick giving up to 5 times the coverage of extruded 
materials, reducing downtime in melting products, (and in the case of paints and cold plastics 
removing it altogether), this reduction in energy directly reduces carbon footprint.  

¶ The road marking industry has like many others been impacted by raw material shortages. A 
move to thinner, stronger products with enhanced performance would help negate this. 

¶ Fast application = greater shift outputs [traffic management permitting]  

¶ Can be over sprayed without fear of exceeding legal height of a marking 

¶ Hot applied sprays are applied at higher temperatures which can give better adhesion  

¶ Thin sprays are less intrusive on the road surface and potentially easier to remove 
 
Such products are not a new concept, but one that have been overlooked in recent years as the 
perception is that they are not hard wearing enough. 
However, taking into account the findings of how the beads are protected within the voids when 
using thin sprayed cold plastic on open texture surfacing, we sent three thin spray thermoplastics to 
be tested on the Aetec wheel going through the same procedure as our previous testing regime [2 
million hits]   
 
One product had a base line applied at 2mm thick and then sprayed over with a 1 mm thick layer of 
white thermoplastic.  This was to represent a scenario whereby an existing road marking had been 
over-sprayed to reinstate performance.  
Two products were sprayed at 1 mm thickness directly onto the test tile with different drop on glass 
beads. 
The results of these tests can be found at appendix 6.  
 
Dry Rl, Qd and SRT all performed higher than the current UK standard however, wet night 
performance was very disappointing.  Nonetheless the concept shows promise and could be 
developed further.  
 

Environmental Considerations 

There is increasing demand for the reduction of carbon emissions and microplastic pollution.  
While this competition did not set out to focus on environmental issues much work is being done 
within the industry to look at solutions and reductions.  
 
Premature failure and flaking of materials on the network are issues for all to see (photograph 
below), better policing of workmanship would help eradicate this.  
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Example of premature failing and flaking 
 
 
Why do we apply excessive materials in locations that will never be run across such as the 
chevrons below? 
 

 
 
This is also true of rib lines that are applied at a thickness of up to 12mm.  Moving away from the 
existing pattern to a dot profile complying to the 70% area coverage requirement could again reduce 
the amount of material used.  This would also provide the vibration and noise output that is the key 
characteristic for these markings.  There is currently no standard requirement for vibration / noise 
for rib lines, but this could be developed to ensure that any change doesnôt result in lower 
performance.  
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Should this be adopted it could provide environmental and efficiency benefits.  We have already 
demonstrated with CP 001 that there are materials that can outperform what is currently in use for 
existing standards 
 
We have witnessed thinner applications of materials that are longer lasting and could offer major 
benefits and energy savings in the way they are prepared. 
 
The competition has shown that materials applied less than 1mm thick can last longer and 
outperform products applied at 3mm thick.  
 
 
The measurements taken on the wheel would question the effectiveness that these thicker materials 
have in terms of functional life, their ability to remain on the road as a white mark is not in question  
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Line after 2 million hits showing anti-skid agent the larger drop on beads worn down and inferior mix 
in beads at <5 % exposure. 
 
As mentioned in efficiencies thinner products do not equal shorter life cycle and major steps to work 
with industry and reduce its carbon footprint have been identified in this area. 
 
Better assurance of product application in itself will also go a long way to ensuring better road 
adhesion and reduce microplastic pollution. 
Current working practice can make it difficult for the contractor, they are under pressure to apply the 
road markings in all sorts of weather conditions, they have developed force drying for applying road 
markings after rain, but the drainage features of open textured wearing course makes force drying 
questionable. 
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APPENDICES 
 

APPENDIX 1 ï Record of Entrants 
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APPENDIX 2a - Thermoplastic Markings Results 
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 APPENDIX 2b ï Cold Plastic Markings Results 
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APPENDIX 2c ï Water Based Paint Markings Results 
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APPENDIX 2d ï Tape Marking Results 
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APPENDIX 2e ï Other Markings Results 
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Appendix 3 ï Location of Markings for On-Road Trials 
 
 

 M5 - Northbound Carriageway   

Product Marker Post HS Lane 1 Lane 2 Lane 3 Lane 4   

 144/0        

  

144/1   

T 002  

 

Night 1  

144/2    

144/3    

144/4    

144/5    

144/6    

144/7    

  

144/8   

TP 007 

  

144/9     

145/0     

145/1     

145/2     

145/3     

145/4     

 145/5        

 145/6        

 145/7        

 145/8        

 145/9        

 146/0        

 146/1        

 146/2        

 146/3        

 146/4        

  

146/5  
CP 007 

 

Night 2 

 
146/6    

146/7    

 146/8       

 146/9       

 147/0       

 147/1       

  

147/2  

TP 003  

  

147/3    

147/4    

147/5    

147/6    
 147/7        
 147/8        

  

147/9 

CP002 CP 001 

 

Nights      
1 & 3  

 
148/0   

148/1   

148/2   

148/3   

148/4   

148/5   

  

148/5  

TP 005 

  

148/6    

148/7    

148/8    

148/9    

149/0    

 149/1        

 149/2        
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Appendix 4a ï CP001 Performance Table 
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DRY 

 
 

WET 

 
These are static Vs static for all wet night-time retroreflectivity charts 

 

Qd 
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SRT 
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Appendix 4b ï CP002 Performance Table 

 

 
 
12 months static measurement averaged between 0 and 24 months due to Covid restrictions 
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DRY 

 
  

WET  

 
please note that for CP002 the 12 months is an average measurement due to covid shortening the closure 

 

Qd 
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SRT 
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Appendix 4c ï CP007 Performance Table 

 

 
DRY 
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WET 

 
 
Qd 

 
 
SRT 
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Appendix 4d ï TP003 Performance Table 

 
DRY 
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WET 

 
 
Qd 

 
 
SRT 
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Appendix 4e ï TP005 Performance Table 
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DRY 

 
 
WET 

 
 
Qd 
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SRT  
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Appendix 4f ï TP007 Performance Table 

 

 
DRY 
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WET 

 
 
Qd 

 
 
SRT 

 
 
 




















