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Executive Summary

Road Markings play a vital role in National Hg hway s 6 st ewardship of the
(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:
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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.

Page 7 of 99



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. Driversdi dndot | i kK
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:

T can be completely removed without damaging the road surface
T donét | eave 6éghost | ineso.

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 7 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 overtwo fully ear 6 s envi r ®ta
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 i 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
1 HE = National Highways: TFR = Transforming Road markings

o0 TP = Thermoplastic
CP = Cold plastic
WP = Water paints
T = Tapes

o0 O = others - to capture alternative materials

1 001, 002 and so-on being the product entry.

© oo

Each entry was applied to the test plates ( ei t her in the testing |
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, O water-based paint, 1 tape and 2 others. Some were
Page 10 of 99
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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:

HE TFR TP 003 Swarco extruded flat line

HE TFR TP 005 W J Road Markings Extruded flat line
HE TFR TP 007 Geveko profile marking

HE TFR CP 001  Swarco Thin spray flat line

HE TFR CP 002  Swarco profile marking

HE TFR CP 007 Meon thin spray flat line

HE TFR T 002 3M profiled tape.

O 0O O0OO0OO0OO0Oo

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. On e
w a1s thedight af applicatiop and was therefore removed from the competition

category

of

t he

product .

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.

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

700
— 600
T 500
=
o 400
% 300
< 200
100 I I I
0 | | | HNm mlm | -
CP0O01 CP002 CPOO0O7 TPOO03 TPOO05 TPOO7 TO02
EDry RI 310 257 230 202 202 427 645
mWet Rl 357 144 145 83 53 206 135
Qd 135 144 140 150 135 165 152
mSRT 65 79 65 62 58 75 50
Axis Title
EDry Rl mWetRl mQd mSRT
1 Dry RI - coefficient of retroreflected luminance in dry conditions
1 Wet RI - coefficient of retroreflectivity luminance in wet conditions
1 Qd - Luminance coefficient in diffuse illumination
I 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
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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, whi
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: +Al 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.
Aetecbs managing director was al so chair man
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)

= =4 =4 -8 _-4_-9_45_45_-°

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

T PO  <50,000 hits

1 P2 100,000 hits

1 P3 200,000 hits

1 P4 500,000 hits

1 P5 1,000,000 hits

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

1 coefficient of retroreflected luminance in dry conditions, Rl dry:

1 coefficient of retroreflectivity luminance in wet conditions Rl wet;

9 Luminance coefficient in diffuse illumination Qd

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

1 Skid resistance value SRT
Sincet he | ate 197006s road trails in the UK have

traverse the lines over a 12-month period,
BS EN 1824:2011 B.1 Generalities quotes

fAs 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 designhed or selected in such a way that vehicles circulate on it without too much
| ateral displacement i

1 A 12-month period for permanent markings

1 6 months for temporary markings has been introduce over the last 20 years

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

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

1 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:

1 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.

1 It was in a safe controlled environment requiring no traffic management or public
inconvenience. To getthe 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.

1 Thetiles are transportable enabling application and removal at the locationof t he ¢ omp «
choice

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

1 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 Measurement
Level

Night Time Visibility Dry (RL) R3 O 150 m
Night Time Visibility Wet RW2 O 35 mc
(RW)

Luminance Coefficient (Qd) Q2 O 100
Lumi nance Fact oB3 O 0. 4
Skid Resistance (S) S1 SRT O 4

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 auditords vehicles. They were then returni
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
mar ki ngs didndét rule out better performing remo
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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

1 The manufacturing companies partnered with 6 different removal companies, 2 from the UK
and 4 from mainland Europe
1 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 1 company entered a softening agent for cold plastic
0 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 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 1 company added a black base line 25 mm wider than the impending road marking
A This has a dual purpose to increase the contrast for autonomous vehicles and
to protect the road surface on removal of the road marking
A 2 products linked to thermoplastics
A 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 PO-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.

Page 22 of 99



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 R 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 0-005 154 107 251 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)

Lumi nance Factor (b)
Skid Resistance (S)

All measurements are referenced in appendices 2a to 2e
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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:
1 Tile front: new tile
1 Tile left: thermoplastic product removed from release primer
1 Tile right with 2 white squares the result of low-pressure removal after water-based paint
solution applied
1 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.

i Traffic-Lines GmbH Germany
1  Thames Hydroblasting England
i Track Line B.V Holland
i Veluvine Holland
i W J Road Markings Ltd England
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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 4" 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 i 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 217 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.

1 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.

1 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.

)l
)l
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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

= =4 -8 -8 _-8_-45_°9

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, tFhe 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:

T 07 12 months 17 million
1 1271 24 months 31 million

Each productds applicati on iandfapplicate dasages can berfouridu d i
at appendix 5.

Product HE-TFR-0O-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.

Page 30 of 99



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 23"- 25" March 2020. The plan was to run the removal competition and the
11-month performance results. The high-speed test went ahead on the 22" 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 23 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 10"/12"" 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 10" and 11" and we managed to get 6 of the 7 products tested.
The 12" 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 3" 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 productsoélife, 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-4q, this is the overall
summary 1
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Chart showing High speed results for Dry Rl and other performance
measurements after 24 months

700
.~ 600
T 500
e
S 400
:?33 300
2 200
“ il HlNs RED [ i = 1
0 | | | HNm mlm | -
CP001 CP002 CP007 TP003 TP005 TP0O7 T002
mDryRI 310 257 230 202 202 427 645
EWet Rl 357 144 145 83 53 206 135
mQd 135 144 140 150 135 165 152
mSRT 65 79 65 62 58 75 50
Axis Title
EDry RimWet Rl mQd mSRT
Findings
General

1 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.
1 Thin markings difficult to see in low sun conditions
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Thermoplastics

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

levels after 2 million hits.

1 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

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

24 months

9 Of the 10 products tested on the accelerated wheel 9 passed
1 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
gualities
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Tapes
1 Slower to apply.

1 Consistently high dry night retroreflectivity.
1 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 Caused most damage upon removal
equipment
Potentially a minimum life guarantee
Hard wearing

Paint

1 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.

1 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.

1 On outer edge lines or chevrons at junctions which do not get run on it could offer good cost
per metre savings.

1 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 | Investment needed in automated laying
climatic conditions
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

1 The road surface was less than 3 hours Vs 12 months or older required in the standard.

1 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]

1 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.

T The I ine patterns applied in situ and not
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.

1 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 manufacturer® recommendations, we did see a reduced initial performance level on
the road in comparison.

1 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.

= =4

Comparison between Aetec Wheel results and On Road Testing

The tiles used at Aetec did have some variance form the road surface, notably
1 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.
1 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

1 DryRI 170
1 WetR 61
1 Qd 190
1 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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1 Accelerated wear testing

1 High speed vehicle mounted devices

1 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 isnét practical on a reg
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 10" May we did a short experiment using the front mounted
RetroTek monitor.

In accordance with CEN 1436 table 4 (classes of RI 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 Corr el aitheldoeadingssare taken, theyishdildee recortea ovdr
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 i 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

A The water drains off the markings quicker

A 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.

-!,./ g,

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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USRI i

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 canno+#i c knThepimiagrofthish e
will vary depending on ambient air temperature or humidity but normally this will be in the 25 i 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.

1 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.

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

1 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.

1 The removed lines would be replaced after the sand patch tests had been taken.

)l
)l

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.

Page 46 of 99



A new date was set for 51" - 71" 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.

1 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.

1 6/7 October - The same traffic management as the previous night and same concept start at
the south and work north.

91 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

= =4 =4 4 -4 -8 -9
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Observations

T

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

Page 48 of 99



1 Despite language barriers there were high levels of collaborative working and information
sharing.

1 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.

1 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.
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1 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.

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

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

1 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 markingc o mpani esd wor king window.
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
dondt truly wunderstand what damage the water b
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 1
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

1 Speed

1 Finish

1 Versatility

1 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
year® wear. The markings in this competition were subject to double that on our turntable testing

which was completed in just two weeks. We di dndt s p e c hits dudrg ithe gn-roack a s
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 didndt have th
this level. This competition has demonstrated beyond doubt that wet night time levels of 200 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 ad r i vtiene t6 eact 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.

Page 54 of 99



Minimum pass | Reaction time Best in Reaction time

standard set in seconds competition to in seconds
1{s]3 date
competition
Dry Rl 150 mcd 3.0 seconds 816 mcd 3.7 seconds
Wet R 35 mcd 1.7 seconds 374 mcd 3.4 seconds

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 retroreflectivityi and t hi s i sndt at
skid resistance which is widely thought of as
be a significant safety improvement.

On the evening of the 10" May we did a short experiment using the front mounted RetroTek.

In accordance with CEN 1436 table 4 i classes of RI 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




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.

1 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.

1 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

= =4 -4 4

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 RI, 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, b ut this could be developed to ensure
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
guestionable.
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APPENDICES

APPENDIX 171 Record of Entrants
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APPENDIX 2a - Thermoplastic Markings Results

Broirsn Peticionario: HIGHWAYS ENGLAND
e Oe'l'ec Claves de colores
X Pasa
X No pasa s No determinado
SAMPLE 4669 NUMBER OF WHEEL PASSAGES x 10°
TESTN® | HE-TFR-TP-004 | 0,01 0,1 0,2 P3 0,5 P4 1,0 PS 20 30 | 40 P7
dyR, | 300 250 235 R4 237 R4 228 R4 205 NPD [ NPD | NPD | NPD
:'Lg";tze;,s'z":y minkR | 85 8 68 | RR3 | 42 | RR2 | 48 | RRz | 29 NPD | NPD | NPD | NPD
wetRW | 129 130 117 | RW5S | 118 | RW5S | 100 | Rws 69 NPD | NPD | NPD | NPD
color x | 0,330 0,329 0328 [ | 0328 [ 0,328 0,327 NPD [i° 7 ND [T
Dayims visibity y | 0,349 0,349 0,346 0,347 0,347 0,347 NPD [© | NPD
B 0,542 0,556 0,546 0,562 0,562 0,503 NPD [ NPD | NPD | NPD
Qd 240 238 241 235 232 206 NPD | NPD | NPD | NPD
Skid resistance SRT 69 65 60 62 60 59 NPD NPD NPD NPD
SAMPLE 4688 NUMBER OF WHEEL PASSAGES x 10°
TESTN® | HE-TFR-T-001 0,01 PO 0,1 0,2 0,5 1,0 2,0 Pé 30 | 40 P7
Night-time visiilty |2 R 139 R2 106 109 106 105 108 R2 NPD | NPD | NPD | NPD
R, modmiixi | TRRR 29 RR1 27 27 28 31 25 RR1 | NPD [ NPD | NPD | NPD
wtRW | 45 RW2 30 30 30 39 29 RW1 | NPD | NPD | NPD | NPD
color x | 0,336 [7 | 0336 0,336 0,336 0,334 0,330 | NPD | ] NPD | ]
Day-time visiity y | 0,353 1 0,354 0,351 0,354 0,352 | 0,350 NPD NPD
B 0477 | B3 | o470 | B3 | 0476 0,465 0575 ({ B4 | 0236 | BO NPD { NPD | NPD | NPD
Qd 198 Q4 194 Q4 199 204 151 Q3 89 Qo NPD | NPD | NPD | NPD
Skid resistanca SRT 53 S2 57 53 56 60 60 sS4 67 S5 NPD | NPD | NPD | NPD
SAMPLE 4670 NUMBER OF WHEEL PASSAGES x 10°
TESTN° | HE-TFR-TP-005 | 0,01 0,1 05 P4 1,0 P5 20 P§ 30 [0 40 P7
Night-ime visibity |—&¥Re | 499 513 502 RS 455 RS 411 R5 NPD | NPD | NPD | NPD
R, modmPheq |_"nRR 76 60 39 RR2 48 RR2 47 RR2 | NPD [ NPD | NPD | NPD
waRW | 162 17 96 RW4 | 128 | RW5 | 145 | RWS5 | NPD | NPD | NPD | NPD
color x | 0,327 [ | 0,327 0327 o327 ) " | o032 | NPD | ‘| NPD e
Day-time visibility vy ] 0348 | " ] 0348 oo 1 0346 j 00 J o347 | ° o346 | - I N | | nND [
B 0,721 Bs | 0731 B5 | o737 | B5 | 0736 | BS | 0733 | B5 | 0,729 | BS NPD [ NPD | NPD | NPD
Qd 265 Qs 261 Qs 255 Q5 259 Qs 250 Q5 256 Q5 NPD | NPD | nPD | NPD
Skid resistance SRT 55 S3 49 $1 49 S1 55 S3 49 s1 47 $1 NPD | NPD | NPD | NPD
SAMPLE 4671 NUMBER OF WHEEL PASSAGES x 10°
TESTN® | HE-TFR-TP-007 | 0,01 PO 0,1 0.2 P3 0,5 1,0 PS5 2,0 [ 30 [ ] 40 P7
Nighttime visioiity | YR | 547 RS 445 347 RS 341 293 R4 283 R4 NPD | NPD | NPD | NPD
R, medmixi | @nRR | 263 | RR6 | 155 11 RRS 86 68 RR3 70 RR3 | NPD | NPD | NPD | NPD
wtRW | 366 | RW6 | 231 171 RWe | 160 129 | RW5 | 120 | Rws | NPD | NPD | NPD | NPD
color x | 0326 [ ] 0,326 0,327 | ] 0327 0,327 |~ Jo32e . | wep | | NPD [
Daytime visibity ylo34s | fo3ar [ To3aa| ] o345 0,345 0345 f ~ I ND | | NPD |
B 0413 | B3 | 0408 | B3 | o505 | B4 | 0439 0,570 0,48 | B3 NPD | NPD | NPD | NPD
Qd 239 Qs 229 Q5 223 Q5 218 220 193 Q4 NPD | NPD | NPD | NPD
Skid resistance SRT 58 S3 62 S4 61 sS4 66 69 67 S5 NPD | NPD | NPD | NPD
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SAMPLE 4673 NUMBER OF WHEEL PASSAGES x 10°
TESTN® | HE-TFR-TP-001 | 0,01 0,1 0.2 0,5 P4 1,0 P5 2,0 30 [ ] 40 P7
Nighttime visiity | ¥R | 491 548 516 386 RS 224 R4 75 NPD | NPD | NPD | NPD
R, medm?ixq |-2nRR 74 59 56 36 RR2 45 RR2 20 NPD | NPD | NPD | NPD
wetRW | 216 113 109 95 RW4 58 RW3 23 NPD NPD | NPD
colr x | 0,313 0,312 0,312 0,312 | 0312 | = | 0314 NPD NPD |
e y | 0335 F ] 0335 0,331 [ ] 0332 0,332 | 0,334 NPD | " f NPD |
Day-time visibility
B 0685 | BS [ 0714 0723 | BS | 0666 | BS | 0586 | B4 | 0446 | B3 NPD | NPD | NPD | NPD
Qd 249 [+ 246 249 Qs 227 Q5 175 4 100 Qz NPD | NPD | NPD | NPD
SKid resistance SRT 45 $1 47 47 s1 50 S2 64 S4 63 S4 NPD | NPD | NPD | NPD
SAMPLE 4874 NUMBER OF WHEEL PASSAGES x 10°
TESTN® | HE-TFR-TP-010 | 0,01 PO 0,1 0,2 P3 05 1,0 2,0 P8 30 f o] 40 P7
Night-time visibity | —4¥Rs_| 266 R4 255 219 R4 204 186 148 R2 NPD | NPD | NPD | NPD
R, mod-m@iq | _TnRR 31 RR1 25 25 RR1 26 25 25 RR1 | NPD | NPD | NPD | NPD
wiRW | 53 RW3 33 3 RW1 30 30 26 NPD | NPD | NPD | NPD
color x | 0,320 [0 7| 0,320 0319 [ | 0319 0,320 0,319 NPD | | NeD T
Dey-time visiibly y | 0341 || o341 0338 | | 0338 0,339 0,338 NPD | | NPD || T
p 0734 | B5 | 0769 | BS | 0773 | B5 | 0,764 0,714 0,519 NPD | NPD | NPD | NPD
Qd 287 Q5 290 Qs 285 Q5 292 261 218 Qs NPD | NPD | NPD | NPD
Skid resistance SRT 63 S4 62 S4 60 S4 60 61 65 S5 NPD | NPD | NPD | NPD
SAMPLE 4676 NUMBER OF WHEEL PASSAGES x 10°
TESTN® | HE-TFR-TP-002 | 0,01 0,1 0,2 0,5 1,0 P5 2,0 30 [ ] 40 P7
e oo | dyR, | 555 536 401 141 65 RO 29 NPD | NPD | NPD | NPD
:'Lgh;"gen‘:'i'z":y mRR | 201 140 % a3 33 | RR1| % NPD | NPD | NPD | NPD
wetRW | 451 272 204 110 57 RW3 49 NPD | NPD | NPD | NPD
wlor x | 0,328 [T ] 0,327 0,325 0,324 0322 B NPD [ | NPD [T
Day-time visibility y o347 | ] 0348 0342 | 0343 | | 0,339 NPD [ I NPD |
B 0373 | B2 | 0431 0437 | B3 | 0368 [ B2 | 0362 NPD
Qd 239 Q5 238 204 Q5 103 Q2 NPD
Skid resistance SRT 76 S5 77 71 S5 67 S5 NPD
aetec MESA N° FECHA
RESULTADOS (RESUMEN) 155 08-feb-2019
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Peticionario: HIGHWAYS ENGLAND

aetec e

X Pasa
[ x_ [Nopasa [« INodeterminado
SAMPLE 4875 NUMBER OF WHEEL PASSAGES x 10°
TeSTNe [ HE-TFR-TP-008 | 0,01 P2 | 02 | _P3 05 | P4 | 10 20 30 20
- T aym, | 334 R4 | 215 | R4 | 199 187 122 NPD | NPD | NPD
Night-ti ibi
M oAl hf':y maRR |27 RR1 | 2 | RR1 | 25 75 2 NFD_| NPD | NPD
e weRW | 60 37 | RW2 40 25 20 NPD NPD
wlor x |_0,321 0,320 " [ 0320 0,320 0,320 NFD NPD
(o3 | 0,338 0,338 0,339 0,339 NPD NPD
D: i " ¥ 'y B v 'y a3 " 'y
Ry e visibily 5 | 0732 | B5 | 0766 0,769 0,748 0688 | B5 | 0,409 | B3 | NPD NPD | NPD
o 282 | Qs | 287 288 284 262 | Q5 | 163 | Q4 | NPD | NPD | NPD | NPD
Skidresistance | sk = S4 63 60 62 S4 63 S4 64 S4 | NPD | NPD | NPD | NPD
SAMPLE 4677 NUMBER OF WHEEL PASSAGES x 10°
TESTNe | HE-TFR-TP-003 | 0,01 02 05 P4 1.0 30 20 P7
I~ ayR, | 906 378 611 | Rb | 407 NPD | NPD | NPD | NPD
Night-4 il
ngmmgi:fflxﬁy mnkR | 132 49 36 | RR2 | 29 NPD_| NPD | NPD | NPD
N waRW | 209 325 46| RWS | 112 NPD | NPD | NPD | NPD
coler x | 0,325 0,327 0,328 0,329 NPD NPD
0,343 0,344 0,346 0,347 NPD NPD
Day-tir " pa & 'y 'y s 5
tima VislbRy, 5 0,681 0,680 0,653 | B5 | 0,654 NPD NPD | NPD
o 237 228 237 | a5 | 231 | Q5 | 228 | Qs | NPD NPD_| NPD
Skid resistance | _sRT 60 51 50 s2 25 = 45 S1_| NPD | NPD | NPD | NPD
SAMPLE 4672 NUMBER OF WHEEL PASSAGES x 10°
TESTNe | HE-TFR-TP008 | 0,01 0.1 P2 | 02 | P3| 05 10 | P5 | 20 | Pe 30 [ 20 | _P7
Nightime visty |_2%e_| 867 426 | R5 | 376 | RS | 334 278 | R4 | 235 | R4 | NPD | NPD | NPD | NPD
R, modmict | meRR | 272 166 | RR6 | 120 | RRe | 129 81 | RR& | 70 | RR3 | NPD | NPD | NPD | NPD
t waRW | 401 246 | RWe | 214 | RWe | 193 166 | RWe | 156 | RWe | NPD | NPD | NPD | NPD
color x |_0,326 0327 [ ; 0,327 0,328 0,327 [ ~neo [ | nep 7
S v [0345 0348 | = | o3e 0,345 0,346 | ~eD | [ nPD
5| 0466 0509 | B4 | 0527 | B4 | 0382 0,537 0550 | B4 | NPD | NPD | NPD
o 236 229 | Qs | 220 | Qs | 228 203 176 | Q4 | NPD | NPD | NPD
Skidresistanca | _sRT 57 59 s3 60 S4 7 65 57 s3_| NPD | NPD | NPD
detec MESA N° FECHA
RESULTADOS (RESUMEN) 155 08-feb-2019
Pag2de 2
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APPENDIX 2b i Cold Plastic Markings Results

SAMPLE a6 NUMBER OF WHEEL PASSAGES 2 107

| TesT e [THETFRLTPO03 | 001 [ _P0_| 0.1 P2_| 02 P3 5 [ P4 | 107 Ps | 20 | P 30 - [ a0 | pr
Nignt-ime vishiiey |27 | 508 | RS | 463 | R8s | a8 RS | 342 | R5 | 278 | RA | 252 | R4 | NPD | NPD | NPD | NPD
R medmibs |maen | 98 T RR4 T 52 |"RRI | 46 | RR2 | 41 | RR2 | a0 | RRz | 40 | RR2 | NPD | NPD | NPD | WPD

warw | 107 | RWS [ 61 | Rwa | Ty | RW3 | e | RwW3 | 67 | RwWs | 62 | RW3 | NPD | NPD | NPD | NPD

wkr ¥ |_0.327 0,328 j DB 8,330 o [ | o3 | _weo NPD

Do vishilty » |03 0.348 0,345 0,348 | o7 = o3 NPD | | WPD
» |og2| Bs | 0558 ] B4 | 0525 | B4 | 0522 | B4 | 0510 | BA_| 0523 | B4 | NPD | NPD | NPD | WPD
[ 2ss | o8 | 250 | ©5 | 2% ) o5 | 255 | Qs | 248 | ©5 | 247 | ©5 | NPD | NPD | NPD | NPD

[ Sucmesuncs | sar 63 54 82 s4 81 54 60 54 61 S4 81 54 | NPD | WPD | NPD_| NPD
SAMPLE L3 NUMBER OF WHEEL TASSAGES x 10
TESTN [ HETFRCP004 | 001 | PO | 01 P2 | 02 | P | 05 | Pa 1.0 ps | 20 1 P6 | 30 40 P7
Night-tme visiiiey |22 | 568 | RS 17500 | RS | 455 | ®s | 387 | Rs | 316 | RS | 291 | Ra_| NPD | WeD | WeD | weD
R, medmity |mern | 86 |"RR4 |5 | wRa RR1 | . RR1 | . RR1 i RR1_| NPD | NPD | NPD | NPD

weaw |01 | Rw4 RWI | 35 | RW3 | = | RW1 | ) | Rwi " | RW1 | WPD | wPD | NFD | NeD

wler 1 |_0.328 § XD 0329 0331 0330 0,33t WPD NPD

. y | 0347 0,346 0,347 0350 0,347 0,348 — | _wrD NPD
e 5|50 | B4 | osma | B4 | oses | B4 | ossa | B4 |ossa | B4 | 054 | B4 | WeD | Weo_|wep | wep
0d 243 Q5 239 Qs 245 Qs 241 Qs 234 Q3 239 Qs MPD Y2 NPD,_ [WNPD

[ SRdremmnca | sar | 61 | 84 | 0 | sa | s8 | s | st | s | o | s | s | 83 n?fﬁ— PO 7

SAMFLE #EH HWIRMBER OF WHEEL PASSAGES 2 10"

| restoe | RETPRLFO08 | oo | Po | o1 | Pz | 0z | P3 | os | Pe | b | P | 2o | Pe | a0 a0 | pr
Night-ime visiiky |tz Re_| 348 RS ETZ] Rs | za7 Ad 210 ] FiT] 4| 208 R4 | WPD | WPD | WFD | WFD
Ry, megmiiy |maER |72 RR3 45 RRZ 45 RRZ [H] RR2 | 4 RR2 31 RR1 | WFD | WPD | WPD_| WPD
wa W L] RWS 58 RW3 1) W3 50 RW1 [ RW3 8 R HPD HPD HPD HPD

ke 3 | 0,529 [T [T 833 [ 0290 HFD_ HPD

— 7 | 034 0,347 B.347 £.350 0,347 0348 | NFD | NFD
#p | opss| B5 | 0666 | B5 | o5 | B5 | 0651 | BS | DEM | BS | 663 | Bs | NPD | NPD | NPD | NPD
o4 25y | os | 252 | a5 | 256 | os | 253 | ©5 | 208 | @5 | 245 | G5 | WPD | WPD | NPD | WPD

[ SWormmmnce | war | 80 | 84 | ar | ss | e | 83 | ss | 83 | % | 83 | = | 82 | Weo | WeD | NPD | NPD

SAMPLE prIT NUMBER F WHEEL PASSAGES 2 10° ]

TEST Mt [THETPACA-O0 | 01 | PO 0.1 [ 0.2 3 0.6 Pa 0 Fs_| 20 Po 34 an F7
(aSnp— L. B34 RS 523 RS 381 RS 2z R4 1£1 2] 15 R3 HFD | NPD | WPD | NPD
R megmip.y mmea | 131 | ARs | +25 | mrs | e1 | AR | 40 | Rmz | 41 | RAa | 48 | RRz | NPD | WPD | WFD | WPD

winw | 230 | RWE | 191 | RWe | 104 | RwE | 107 | RWS | 108 | RWS | 180 | Rws | NPD | NPD | NPD | NPD

whr 3 |_0,330 0,320 Jeaz | ] ome | 0,327 0,326 —|_weo | | weD

y o 0,245 | 0,347 0345 0345 | | WPD NPD
OepmeviM "3 Jowss | s | oess | s | oers | o5 | oesa | B5 |oser | B | osn | 85 | Weo | Wep | Web | wep
04 357 | o5 | 267 | @8 | 20 | @5 | 26 | © 257 | @5 | 245 | @5 | WPD | WPD | HPD | WED

[ Sdmakunce | sar | 54 52 55 | s ] 52 | == 83 51 52 51 52 | WPD | WPD | WPD | WPD

SAMFLE L] FUMBER OF WHEEL PASSAGES x 10"

TEST ket | HETFRLCPR0T | oun PO 0.1 7] [F] P3 0.5 Pd 1.0 PS5 0 P an I Y FT
Mighttime vistltty | % | o8 | RS | 6as | Rs | 558 | RS | as { RS | a3 | ms | 37 | Rs | WPD | WPD | WPD | WPD
R medmii aeBR ] 127 | RRS | 798 |"RRS | 7o | mR3 | %9 | RA3 | s7 | mRa | & | RRa | Wep | Wep | WPD | weD

wamw | 171 | RWE | 182 | RWE | 143 | RwWS | 130 | RWS | 124 | RWS | 14 | RWSE | WPD | WPD | WPD | WPD
e 3 |_0.320 ) ] o3 | 1312 0,393 0334 : WPD HFD
— y [0 | ] 0.04a 0348 035 | | o3s | | pan NPD NFD |
= P_| o724t B85 Joen | BS |ora]| B [ori| @5 | o7 | B5 | osw | Bs | NPD | WPD | NPD | MPD |
[ 264 | 05 | 266 | 05 | 285 | as | 267 | @8 | ez | as | 265 | @ | NPo | WPD | NPD | NPD |
| Sk resistance ST ] 54 58 5 58 3 51 52 53 52 51 52_| WPD | WPD | NPD | NPD

SAMPLE b7 NUMBER 0 WHEEL PASEAGES » L0

| TEST e | HETRCP02 |61 | PO | 0.1 Pz | 02 P3| 05 | pa 10 | Ps | 20 Fs_| 30 T ap P7_|
Night-time visibiiy |—zPe |28 | "RS | 86« | RS | 7es | RS | &0 | Rs | 388 | RS | sor | Rs | mPb | wPD | weD | wep
R modmip |z | 186 | A8 | 146 | RRS | 11 | RAs | s | mRs | 1os | ARS | 70 | RRa | WPD | NPD | meD | wep

vanw | 240 | RwS | 182 | mws | 178 | Rwe [ far | Rws | 141 | Rws | 128 | RwS | NPD | PO | mPD | weD
ki X 0,332 -~ ] 0333 : | 0332 0334 | | D33 = | 0233 |8 NFPD i WFD |
Dwp-tima visithy ¥ ﬂE_ 0,351 0,350 = I:IEH =0 5352 0,253 ] KPD | HPD ]
[ 0.508 B4 | D94 -E] 0,400 B3 [ By [:E] o438 1] NPD | MPD | WPD | WPD
o 225 a5 pEL] as | 242 =] 241 Qs 241 Q5 243 as NFD | WPD | WPD | WPD
Shid reLstancs ST [T] [H [1] 55 ] &5 _ & 83 a7 [ ™ 85 NFD | WNFD | WFD | WPD
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SAMPLE NUMBEF, OF WHEEL PASSAGES x 10"

TEST W [ HETTH-CPO08 | 001 | FD | 04 P2 T 03 | 3 T o5 | ®a | 10 | Pps | 20 | Pe | 30 [ T
—— dyby | 478 | RS [ 360 | RE | 97 | ma | 245 | RA | 8% | R3 | 1712 | R3 | WPD | WPD | WPD | WED
R medmips |omme | 130 | RRS | 77 | RA4 | "& | RR2 | 4z | RR2 | 48 | ARz | 42 | RRa | wPD | WPD | WPD | wFD

wokW | 143 RS 0 Rivd (1] R4 fi ] R i R4 77 RWd | WPD | WPD HFD | WPD

wie x| 035 T 0330 | 0,329 o3 T T ods [ ] oam HPD_| HPD

o o ialbikty ¥ 3. 348 § 04T 0348 | 9380 | o348 0,48 | NFD MFD
adkan 3 Jo4s| B [o#2]| B [ o3| B2 | oam | Py | oa1z | BI Joer | Bz | NPo | WPD | NPD | wPD
94 | 248 | @5 | 249 | @f | 241 | Bf | @54 | o5 | 40 | o5 § 250 | Qs | WPD | WPD | NPD | WPD
Shdesaiarcs | sar | 65 | 85 | 3 54 Bl 54 53 53 51 52 5 52_| NFD | WPD | NPD | NPD

SAMPLE L) NUMBER OF WHEEL PASSAGES x 10°

TEsTA | RETFRCPO05 | 001 | P0 [ 03 ] P2 | 02 | #3 | 05 | Pa | 10 [ s [ zo [ Pe | 30 o 40 | p7
GyR | 401 | RS | 205 | ma | 170 | R | o | w2 7a_| RO | 6 | RO | NPD | NPD | NPD | WPD

R iy | | vo6 | RS |7 | WRa | 4« | mma | | ®mi | | RRi | 2 | Rro | wo | weo | weo | weo
warw | 168 | Rwe | 125 | RWS | 74 | RWS | 74 | RW3 | % | RwW3 | 38 | Rwz | NPD | NPD | WPD | NPD
coler 3 |_0,227 0,328 0327 [} oxe [ | oz 033 NPD_|EE] WO |l
y | 0348 6] 0348 jEmmEE] 0348 [T 0,381 0.348 0351 | ! wep |0 | NPD | "

OuremevaB "3 | osw | es |oeso | Bs |osas | s || Bs |osse| 85 | o0& | 8BS | wep | Weo | Weo | web
g¢ | 2% | os | 250 [ o5 | 2ea | @5 | 255 | @5 | 241 | Qs | 236 | Q5 | NPD | WPD | NPD | NPD

| SWdmsswnce | sar | 80 54 51 83 52 52 as s1 Q 80 a 50 _{ NPD_| WPD | NPO | WPD

SAMPLE i) NUMBER OF WHEEL PASSAGES x 10°
TEST | HE- 0.0% PO 0.1 P2 0,2 Pl 0.5 P4 1.0 [ 20 PE 3.0 — 4.0 P7
Nghttme viebity J22%s | 334 | RS | 305 | RS | 271 | R4 | 20s | Ra | 63 | R3 | 54 | R3_| NPO | NPD | WPD | WPD |
R mcdmituy omER | 90 | RR4 | 89 | RRe | 42 | RR2 | 38 | RR2 | 36 | RR2 | 35 | RR2 | NPO | NPD | WPD | NPD

vamw | 153 | Rwe | 135 | RWS [ 95 | Rwa | 90 | Rw4 | 82 | RWA | 66 | RwW3 | WPD | NPD | NPD | WPD
ol 3 | 0.324 | 0328 s 0.327 0327% | 0,320 | | 033 | NPD J_wnep [
y |03 |© 1036 0,347 0351 | 0340 [~ | o351 NPD NPD
Oorime sty =5 | ozes | ®s | ozes | BS | 0751 | B | o013 | 85 | orm | ®s | orte | B5 | Wep | W0 | wep | WD
Qd 268 Qs 269 Qs 274 Qas 278 Qs 275 Qs 261 os NPD NPD NPD NPD
Sidreasnocs (war | 90 | 88 | s | 82 5 82_| = $2 | 4 | s1 | 45 | s1 | NPD | WPD | NPD | NPD

SAMPLE ] NUMBER OF WHEEL PASSAGES 2 10
TESTHe | HE- 71 001 [P0 T o1 | P2 | 02 | Ps | 05 | Pa ] 10 | Ps ]| 20 | Pe | 30 40 | _Ppr
Night-time vigibtiay |—2% | 853 T RS 17867 | Rs | 857 | RS | 305 | RS |{ 334 | Rs | 288 | R4 | NPD | NPD | WPD | WPD
R medmie et 1 91 T RRa T 115 T RRs ) 09 | RRY | &5 | RRI | &7 | RR3 | 58 | RR3 | NPD | NPD | NPD | NFD

varw | 204 | RWE | 208 | RWE | 150 | RWE | 140 | RwS | 123 | RWS | 130 | RWS | NPD | NPD | NPD | WNPD
whv ¥ | 0325 [} 0335 0.326 0328 |~ |02 0.328 NPD NPD
y | 0383 0,344 0343 [ 0347 | | ows 0,348 NPD [ | weD |
Berbme Y ™3 L oess | Bs | oss | B | o6s7 | B5 | veaz | BS | e | B8 | oess | es | weo | weed NeD
Qs | 2as | @5 24z | @5 | 242 | o8 | 243 | ©5 | 246 | ©8 | 245 | @5 | weo NPD
[ Sidresistance |~ smr 53 52 52 82 51 s2 a 81 © 31 [e 81
)
©3
aelec MERA W FECHA Director de Labormterio
RESULTADOS (RESUMEN) 156 08-mar-2019
J. Guerme

Page 67 of 9

9




APPENDIX 2c

I Water Based Paint Markings Results

SAMPLE 4680 NUMBER OF WHEEL PASSAGES x 10°
TESTN' | HE-TFR-WP-001 0,01 Po 0.1 P2 02 P3 05 Pa 1,0 Ps5 2,0 P& 3,0 4,0 P7
Ngtime visibily dry Ry, R2 53 RO 37 RO 25 RO 18 RO 18 RO NPD NPD NPD NPD
B, medmZht rain RR 55 RR3 38 RA2 17 RRO 17 RAO 20 RRO 24 RRAD NPD NPD NPD NPD
et RW 62 RW3 55 RW3 18 RWo 20 RWoO 21 RWo 24 RWo NPD NPD NPD NPD
cobr X | 0,314 0,316 0,316 0,319 0,323 0,323 NPD NPD
Day-timo visiity vy | oa3aa 0,335 0,337 0,340 0,344 0,345 NPD NPD
B 0,603 B5 0,524 B4 0,459 B3 0,409 B3 0,433 B3 0,375 B2 NPD NPD NPD NPD
0d 199 Q4 146 Q3 Q2 94 Qo B1 Qo 79 Qo NPD NPD NPD NPD
Skid resistance SKT 61 54 66 S5 64 54 66 55 63 54 61 54 NPD NPD NPD NPD
SAMPLE 4681 NUMBER OF WHEEL PASSAGES x 10°
TESTW' | HE-TFR-WP-002 | 0,01 Po 0.1 P2 02 P3 05 P4 1,0 Ps5 2.0 P& 3.0 4.0 P7
Nigh.tim visitiity dry R, 586 R5 360 R5 250 R4 170 R3 R2 R2 NPD NPD NPD NPD
R med-mi 1 main RR 160 RR6 93 RR4 37 RR2 RR1 RR1 RR1 NPD NPD NPD NPD
wet RW 211 RWs 109 RW5 81 RW4 61 RW3 42 AW2 43 AW2 NPD NPD NPD NPD
coor X | 0,315 0,315 0,314 0,315 0,315 0,315 NPD NPD
Day-time visibifty vy | o33 0,334 0,334 0,335 0,335 0,335 NPD NPD
B 0,729 B5 0,720 B5 0,702 B5 0,639 B5 0,595 B4 0,545 B4 NPD NPD NPD NPD
0d 257 Qs 251 Qs 238 Qs 192 Q4 171 Q4 149 Q3 NPD NPD NPD NPD
Skid resistance SKET 56 53 58 53 63 54 1] 54 60 54 61 54 NPD NPD NPD NPD
SAMPLE 1682 NUMBER OF WHEEL PASSAGES x 10°
TESTN' | HE-TFR-WP-007 | 0,01 PO 0.1 P2 02 P3 05 P4 1,0 Ps5 2,0 P& 3,0 40 P7
Night-time visibility dry By, a7 Rs 233 R4 168 R3 R2 R2 89 Ro NPD NPD NPD NPD
R modmZhe1 rain RR 99 RR4 81 RR4 40 RR2 RR1 RRA1 RR1 NPD NPD NPD NPD
wet RW 115 RWSs 95 RW4 59 RW3 64 RW3 55 RW3 54 RW3 NPD NPD NPD NPD
comr X | 0,315 0,317 0318 0,320 0,321 0,321 NPD NPD
Dey-lima visiilly vy | oa3as 0,336 0,338 0,341 0,342 0,342 NPD NPD
B 0,766 B5 0,775 BS 0,767 B5 0,750 Bs 0,733 BS 0,722 B5 NPD NPD NPD NPD
0d 281 Qs 279 Qs 282 Qs 282 Qs 273 Qs 273 Qs NPD NPD NPD NPD
Skid resistance SRT 55 53 48 51 a7 S1 45 51 39 50 36 S0 NPD NPD NPD NPD
SAMPLE | 4683 NUMBER OF WHEEL PASSAGES x 10F
TESTN | HE-TFR-WP-00B | 001 Po 0.1 P2 02 P3 05 P4 1,0 Ps5 2,0 P& 3,0 40 P7
Ngh e visiiy |- 365 R5 198 R3 R2 57 RO 21 RO 15 RO NPD NPD NPD NPD
R, mod-mZh-1 rain RR 105 RR5 61 RR3 20 RRO 20 RR0 24 RRO 20 RR0 NPD NPD NPD NPD
et RW 125 RWs 83 RW4 41 RW2 RW1 RW1 RW1 NPD NPD NPD NPD
coor X | 0,317 0,319 0,319 0,322 0,325 0,323 NPD NPD
Day-time visisirty vy | oz 0,339 0,340 0,344 0,347 0,345 NPD NPD
B 0,713 B5 0,628 B5 0,524 B4 0,401 B3 0,233 BO 0,242 B0 NPD NPD NPD NPD
0d 257 Qs 223 Qs 180 Q4 90 Qo 60 Qo 51 Qo NPD NPD NPD NPD
Skid resistance SRT 52 s2 55 sa 59 s3 63 sS4 66 S5 83 sS4 NPD NPD NPD NPD
SAMPLE 4684 NUMBER OF WHEEL PASSAGES x 10°
TESTW | HE-TFR-WP-005 | 001 PO 0.1 P2 02 P3 05 P4 1.0 Ps5 2.0 P& 3.0 40 P7
Nght time visibilty dry By 387 R5 169 R3 R2 69 RO 54 Ro 45 Ro NPD NPD NPD NPD
R medm®be1 main RR 150 RR6 61 RR3 RR1 RR1 RR1 RR1 NPD NPD NPD NPD
wet RW 183 RWs 84 RW4 60 RW3 a7 RW2 42 AW2 42 AW2 NPD NPD NPD NPD
coor X | 0,315 0,316 0,316 0,317 0,317 0,316 NPD NPD
Day-tima visibifty y | o334 0,335 0,335 0,337 0,336 0,336 NPD NPD
B 0,700 B5 0,678 B5 0618 B5 0,555 B4 0,482 B3 0,442 B3 NPD NPD NPD NPD
0d 248 Qs 235 Qs 211 Qs 168 Q4 143 Q3 Q2 NPD NPD NPD NPD
Skid resistance SKET 53 52 52 52 54 52 59 53 58 53 60 54 NPD NPD NPD NPD
SAMPLE 4685 NUMBER OF WHEEL PASSAGES x I0°
TESTW | HE-TFR-WP-008 | 0,01 PO 0,1 P2 02 P3 05 P4 1,0 P5 2.0 P& 3.0 40 P7
Ngh-time visibity dry Ry, 235 R4 161 R3 R2 76 RO 58 RO 54 RO NPD NPD NPD NPD
R, med-miZhe-1 rain RR 66 RR3 59 RR3 RR1 RR1 RRA1 RR1 NPD NPD NPD NPD
wet RW 94 RW4 75 RW4 45 RW2 43 RW2 48 RwW2 39 Rw2 NPD NPD NPD NPD
comr X | 0,316 0,318 0,317 0,320 0,321 0,321 NPD NPD
Day-timo visiity y [ o033 0,338 0,338 0,341 0,342 0,341 NPD NPD
B 0,696 B5 0,674 B5 0,630 B5 0,581 B4 0,569 B4 0,510 B4 NPD NPD NPD NPD
0d 258 Qs 250 Qs 225 Qs 197 Q4 176 Q4 162 Q4 NPD NPD NPD NPD
Skid resistance SRT 59 53 56 53 62 54 62 S4 61 54 58 S3 NPD NPD NPD NPD
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SAMPLE 4690 NUMBER OF WHEEL PASSAGES x 10f
TEST N® HE-TFR-WP-002 0,01 Po 0,1 P2 0.2 P3 0.5 P4 1,0 P5 2,0 P& 3.0 4.0 P7
; S dry Ro 617 Rs 286 R4 161 R3 R2 83 Ro 7 RO NPD NPD NPD NPD
Might-time visibility -
B, med mZ et rain RR 136 RRs 75 RR4 36 RR2 RA1 RR1 24 RR0 NPD NPD NPD NPD
t wet RW 240 RAWs 106 RWs 81 RW4 46 RwW2 44 RwW2 RW1 NPD NPD NPD NPD
color X 0,318 0,319 0,319 0,320 0,320 0,320 NPD NPD
Day-time visibility ¥ 0,338 0,338 0,339 0,340 0,341 0,340 NPD NPD
= B 0,715 B5 0,710 B5 0,692 B5 0,671 B5 0,647 BS 0,636 Bs NPD NPD NPD NPD
Qd 255 Qs 252 Qs 248 Qs 232 Qs 218 Qs 210 Qs NPD NPD NPD NPD
Skid rasistanca SRT 56 S3 59 S3 59 53 58 53 53 g2 52 S2 NPD NPD NPD NPD
SAMFLE 4691 NUMBER OF WHEFL PASSAGES x 10
TESTN® | HE-TFR-WP-003 0,01 PO 0,1 P2 02 P3 0.5 P4 1,0 Ps 2,0 P& 30 4.0 P7
; S dry By, 535 Rs 283 R4 183 A3 R2 R2 74 Ro NPD NPD NPD NPD
Night-time visibility
R medmk-1 rain RR 98 RR4 58 RR3 RR1 RRA1 RR1 23 RRo NPD NPD NPD NPD
- wet RW 169 RAWs 64 RW3 41 RwW2 RW1 RW1 RW1 NPD NPD NPD NPD
color X 0,319 0,318 0,319 0,320 0,320 0,320 NPD NPD
o y | 0,339 0,338 0,339 0,341 0,340 0,340 NPD NPD
Diay-time visibilty
B 0,706 Bs 0,698 B5 0,684 B5 0,659 B5 0,618 BS 0,598 B4 NPD NPD NPD NPD
Qd 253 Qs 256 Qs 231 Qs 202 Qs 192 Q4 186 Q4 NPD NPD NPD NPD
Skid rasistance SRT 56 53 61 54 60 54 60 54 55 53 55 S3 NPD NPD NPD NPD

Page 69 of 99




APPENDIX 2d

I Tape Marking Results

SAMPLE 4702 NUMBER OF WHEEL PASSAGES x 10°

TESTNe | HETFRT-002 | 001 Po 01 P2 02 P3 05 P4 10 P5 20 P6 3.0 40 P7
Nigh-time visibility dry Ro. 892 RS 988 RS 1035 Rs 1075 R5 1028 R5 1028 RS NPD NPD NPD NPD
R modmici | _ooRR_| 152 | RRS 78 RRa 59 RR3 60 RR3 59 RR3 58 RR3 | NPD | NPD | NPD | NPD
wiRW | 166 | RW6 | 115 | RW5 | 104 | RW5 | 104 | RW5 | 101 | RW5 | 101 | RW5 | NPD | NPD | NPD | NPD

cor x |_0317 0318 0318 0319 0319 0,320 NPD NPD

Day- viskty v [o337 0,336 0,337 0,340 0,339 0,340 NPD NPD
B 0712 | B5 | 0701 | B5 | o701 | B5 | 0691 | B5 | 0684 | B5 | 0664 | B5 | NPD | NPD | NPD | NPD
o 202 Qs 287 Qs 286 Qs 288 Qs 282 Qs 284 Q5 | NPD | NPD | NPD | NPD
Skid resistance SRT 62 sa 50 54 59 S5 58 S3 58 s3 58 ) NPD | NPD | NPD | NPD

SAMPLE 3668 NLUMBER OF WHELL PAT 34 GES 5 1P

TESTH | HE-TFR-T-OD1 0o P 01 Pz 0.z P3 05 L P4 L owg Fa 20 P& an 4,0 PT
gt e visy |0 B Rz Rz Rz RO, P, | W GE Rz NFD | WFD | NPD | HPO
R modmibel | TR RR1 RR1 AR ] Ane | AR RR1_| NPD | WPD | NPD | NPD
o BW 45 Rwz2 RWA AW AWl b AWz Aw1 NPFD NPD HPD NPD

whr x| 0338 0336 naas [IRSNS, 0 334) 0334 0,330 NPD NPD

p——— » [ 0353 0354 031 L0 pasa il 0,352 0,350 NPD NFD
B 0477 | B3 | o4 | Ba | o47e/| B3 | 0485 | B3 | 0575 | B4 | 023 | Bo | NPD | NPD | NPD | MPD
™ 198 04 194 04 189 ] %04 s | OB 161 Q3 as 00 | NFD | NPFD | NPD | NPD
Swid rsstance sh1 53 52 57 52 56 |niu)| e0 | 54 &0 54 &7 S5 NPD | WPD | NPD | MPD
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APPENDIX 2e 7 Other Markings Results

SAMPLE TERY NUMBER OF WHEEL PASSAGES % 10"
TESTH | HETFR-O003 | 001 | Po 0.1 ] 0.2 [E] o5 P 10 | Ps 20 ] X ] Y P7
Night-tima viskity 2% | 333 5 | 291 | Ra | oA | M4 | 238 | W | B3 | 18 | R3 | WPD | WPD | NPD | WPD
R medmiby maeh | 31 | RR4 ] e [ RR3 T s ["RAY | a1 RRY | 4 | ARz | &0 | RRZ | WPD | WPD | NFD | WPD
wa AW 1065 RS a H!H 1} Rwid B R4 B R [1] Rwa HPD MNP HPD WFD
w1 | 0,321 o2z 0% 8,324 0324 0323 [ E HPD
Dt vl y o340 e [T [T 0,343 LM3 | | WPD HPD
» | o67e | Bs | 0Bsa | BE | osre | BS ) o885 | BS | 0640 | B5s | omas | B | WPD | NPD | WPD | WPD
_ e 265 | @5 | 2% | @5 | 265 | @5 | 7e6 | Qs | 256 | o5 | 2a8 | as | NPD | WPD | WPD | WPD
Shid resiiance [ ™ 85 (L] [T} 5 53 ] ET] 51 52 5 52 wen | wep | WPD [ WPD
SAMPLE f6e8 NUMBER OF WHEEL PASSAGES x 11"
TESTH| PETFROOGE | oo | P0_| o1 P2_| 02 Pl | 065 | P4 | 10 ps [ 20 T Pa | 30 [ 1 a0 | P7
hghttme viaipany |—7% | 398 | Rs [ 3s7 | ms | 285 | ma | 217 | R4 | e R3 | 154 | RI | MPD | MPD | MPD | NPD
R medmies |mmn | 131 | RAS | w0 | AR | 2 | mma | 82 RR4 | &6 FR3 | 53 | RRa | w0 [ WPD | WPD | wPD
wamw | 197 | @wa | 183 | Rws | tas | mwe | 135 | RWS | 124 | RWs | 107 | RWS | NPD | WPD | MPD | WPD
whr & | 0217 0,318 [ _naie | o3 [ [¥ =0 NPD NPD
AP y [ 038 [T o841 0345 [ETE] 0,45 NPD NFD
p_| o7ss| Bs [orsa| ms fords | 85 | ora1 | Bs Vovia | BS | o712 | BS | WPD | NFD | WPD | NPD
04 266 | 05 | 262 | o8 | 257 | @8 | 265 | ©5 | =248 | o8 | 29 | @5 | WPD | WPD | WPD | NPD
[ Sildrmales | sar | 86 | 55 | ss | 33 | = [E 5 83 | = 82 | 53 | 82 | WPD | WPD | WPD | NPD
SAMPLE KL NUMBER OF WIIEEL FASSAGES 5 |0
| vestwe| FETPROO08 | 001 | Po | o1 | P2 | 02 | P3| o5 | P | 10 | es | 20 | pe | 50 [0 | 20 | o7
Nighitime sty |0z P | 256 | R4 | 296 | me | wes [ A3 | d60 | Rs | oo | Rz | o1 | Rz | WeD | WPD | weD | wPn
R omedmiter meem | 88 | RR4 | 78 [ RRa | s2 T AR | 40 | Wmz | 3 | RR3 | 31 | RRa | WPD | WPD | WPD | WPD |
vomw | 133 | Rws | w2z | AWS | 101 | mwS | BT | RWs | 77 | RWA | T3 | Rwa | NPD | WPD | WPD | MWPD
e 3 |_0318 | o3 0,30 0,322 0321 |0 | paa |_NPD HPD :
p [_o3m [ 0,341 0343 8346 | | 043 [ HPD [ | WPD
ORrene s ™5 o3 | 85 | o7 | B8 [o72| es |oso1| Bs [ases| Bs | esso | Bs | Weo | Weo | weo | WD
o) 262 Qs 281 as 280 =C) 258 as | 242 as 241 as HPD MPD | MWPD NPD
5V reslaancs SRT SE 53 ] 54 58 83 53 52 53 52 53 52 | NeD | wPD | WPD | weD |
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Appendix 371 Location of Markings for On-Road Trials

Product

M5 - Northbound Carriageway

Marker Post

HS Lane 1 | Lane2 | Lane3 | Lane4

144/0

144/1

144/2

144/3

144/4

144/5

144/6

144/7

144/8

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

146/6

146/7

146/8

146/9

147/0

147/1

147/2

147/3

147/4

147/5

147/6

14717

147/8

147/9

148/6

148/7

148/8

148/9

149/0

149/1

149/2

TP 005
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Appendix 4ai CP001 Performance Table

I Swarco HE TFRCP 001 J
(0 Wheel | Toro whee! S0 . R months 1 - =
lumo-xnm was | ks G 1 oronllll | - mittan | 5 ogng duto] 12 moess B moons Monen | 58 Mo e L2 Mosehal 24 Moshs M.4
wpplication | appho ston » : ook doam i
. Swatcot R PTS o — PTS Hgh Swwco! | PTSHg | ResoTek Swwco | PTS g |PetoTe
Foewer PTS Stwio WEEE 1eoh mpeet " s Stae peet PTS it Cpeed Mo tpend P18 Saatho peet c“"‘_
Spees
Avetage Dry mod Lea (T3] 4 ‘ (3] LK (%07 A o5 [13 0 we
Aot bpe wet med 381 ! ton 124 “5 WA o NA 104 7 NIA NA
Avetage Ory Qo 264 18 67 A ol WA m LY NIA 1% L NA
Avwtage SRT i bed * WA [ o A 0 MIA WA o MIA WA
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DRY

CP 001
700
600
500
= 400
-
5 300 —
200
100
0
0 HITs 500 1000 1500 2000
— A EtEC 0n sice
WET
CPO0O1
500
A0 /—\
E 3{“]
]
= 200
100
1]
1] HITS 500 1000 1500 2000
— Aetec On Road
These are static Vs static for all wet night-time retroreflectivity charts
Qd
CPOO1
200
250
200 \
S 150
100
50
0
0 HITS 500 1000 1500 2000
—_—Aetec On Road
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SRT
CP 001

388

o

50

SRT

30
20
10

1] HITS 500 1000 1500

—_— Aeter On Road

Removwval from primer

2 3 4

H Pre W Post W Diff

1.0
1.40
1.2
1. Oeb
080
&0
.40
o 20
. Oely
020
0.40
0.e0

Removal from black base line

II_ III II_
2 3 a

m Fre W Post W Diff

2 0o

1 .54

1 ek

0. 500

LI
=0 500

=1 .l
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Removal from road surface only

II- III III III II_
1 2 3 4 5

H Fre W Post W DifF

2 50

2 oy

1 .50k

1 (o

0.5

=]

O ek
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Appendix 4b T CP002 Performance Table

Location MS NB 148(5-
"e

Average Drymod
Dorage wet mod
Auvsrage Dry Qd
Auvsrage SAT

Swarco HE TFR CP 002

ST fr 12 months . Noj
Zero Wheel | 2et0 whoot 5088 = : lrmn-r:n e 1% S 2 Million AR 2
Nits Dayg 1 hies day ! Smenths hits 12 2 montG, 4 Mootks | 18 Manths 24 Mantha] 24 Mamhe
spplication | sppicaion | | ¥hee! hits months | Motolozed: months s Mosths
Lookcown
= z PTSno - FletroTek
2 Saacod PTS : PTS Hgh Swarcol FTS FstroTek FTSHigh
Aeteo PTS Stanke Aeteo High speed Aeteo PTS Sratic speed PTG staie | High speed | High spesd Aeteo %:;:o spred Hm
43 EH €50 3‘455 586 0 402 5! 393 20 so7 2 2% 3’|,
243 4235 187 e, "W 0 NIA 31 MNiA (1) 128 144 wa A
235 8 241 KA, 241 0 MNia 132 Nia s 243 144 A nea
€6 212 683 L1 &7 0 MiR 83 Nid e 71 73 LS MNip

2 milion s

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

CP 002

1000
00
BOO
700
600

500
a0 ||

DRY RI

300 \

200
100

0 TS 500 1000 1500 2000

—_— AEter

WET
CP0D0D2

0 s 500 1000

—_— Aeter

On sie

m
= 200 \

1500 2000

On Road

2500

2500

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

Qd

CP002 12 month ave®

300
250
200

5 150
100

50

0 HITS 500 L L)

— AstEC
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1500 2000

On road

2500



SRT

100

3

SRT

20

2 (h

1.50

1 (eh

050

(AR L

-5

=1

-1.50

CP0O02 12 month ave

o

HITS 500 1000 1500

—_—Aetec On Road

Removwval from roadsurface only
2 I a

H Pre W Post B Diff

. zl
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Appendix 4c i CPO07 Performance Table

Location M5 NB MEI7-
812

Ayerage Dy red
Ayerage wet med
Ayerage Dy 4
Auwtage SAT

DRY

700

600

500

400

DRY RI

300

200

100

o

HITS

1mikon his

N

Zmiien hks

CPOO7

MEON HE TFR CP 007
e Wheel | 200 vheel S0k 1 million ] 2 momhs. § 2 Million 24
hits Dog 1 wvheel Emanths bits 12 freadng due] 12 months W months | ¥ Months | ¥ Morths hivs |4 Monthed 26 Monkia] oty o
application | apelostion hat= months. |10 ockdow 7
. T & b ra FatraTek
SR Mecn ! PTS e P1S - PTEHgh Mean | PIS High | Betolex . | P1Gcnk | PTSHgn
A Avtee | ik speed Astec EEISSRNR] . speed ersstate | zpeed | Highzpred Aewos N ponseca| zpsed ::3""
15 333 i 1) ™ A b ] 788 W0 i) 1)
204 1o NiA 123 2 hva, &5 s NiA 130 145 s, A,
245 243 Nia 246 163 A, A NiA 245 40 A Ned
53 46l NiA 49 0 (N7 [ Nig 4 55 21 LA

500

—_—Acter

1000
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1500

On site

2000

2¢ menths corcad

2500




WET

Qd

200
-S- 150

ELL )

SRT

100

AxSRTis Title

CPOOY

T HiTs 500 1000 1500 2000
—_— fetec On Road
CPOO7
o HITS 500 1e(p0y 1500 2000
— fetec On Road
CP OO7
-__-_-_-—_______'—-——
o HITS 500 1000 1500 2000
— A eter On Road
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Removal from Road surface only
2 ey

1.50

1.040
000
) : ff -0 =

-0.50

=1 {Ch

N Pre B Post B Daff
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Appendix 4d T TPOO3 Performance Table

Swarco HETFR TP 003
Zeo Zot0 oo 12 meeths
Location M5 NB M786- | Wheel b | 7 500k el tmillion | feeading. | . 2 Midlion| L 24
Wiz Doy 1 w::‘:,nl" kool fitts 6 montra hiks e 12 moeahs 1B mooths | 8 Mocrs | 1B Momhs s 24 menths] 24 manths e
application - lcokdown
£ FTS4 e FetaTeh
Swaesd P18 . P15 High Suxoa? | PTSHagn | FetroTeh - FTSHgh
Astec | Brs st Astee Riioh speed Avtoc IRTSSUUE]  21oiq Frestatio |  Spoed | Highspesd Aoroe 35:‘:’ spaed ;:3:‘
Average Dy med E103 11315 [3]] RS !. 207 144 40 E’l 250 230 H o
Anerape wet mod 2499 - 16 A "2 1 A 94 Nid A “o ) A s,
Awerage DiyOd 23r 28 231 i N 12 A 13 NiA (N5 220 %0 A A
Averaps ST (3] (30 50 812 43 70 hyA ] NiA V5N 45 £2 LN 0L

R monh on road

2mibon hits > 20’m-mlll;.s 7
DRY
TP 003

1000

20O
&= 600
-
= 400 —

200 R

1]
0 HITS 500 1000 1500 2000 2500
—_—Ater On sike
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WET

TPOO3
350
300
250
= 200
= 150 "“_———___________
100 —_—
50
0
0 HITS 500 1000 1500 2000
— 0 BT on Road
Qd
TP 003
250
200
150
=
of
100
50
0
o HITS 500 1000 1500 2000
— et 0On Road
SRT
TP DO3
BOD
70
__-__—'_'—-—-—
60 "_‘——'——-—-—._._._,______
50
& a0
[¥5]
30
20
10
i)
o HITS 500 1000 1500 2000
— e On Road
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Remowval from Base primer

|
2 3 4 5

N PFre B Post B DN

200

1.50

1.0

0.50

LR
-0.50
=1 0

-1.50

Removal from Black base line

 E— " -

M Pre B Pos=st m DT

1.60
1.40
120
1.00
080
0.e0
0.40
020
000
-0 20

1

-0.&0

Removal from Road surface

1.40
120

1.00
0.80
0.60
0.40
0.20
0.00
2 . 3 . , 5 .

-0 20

-4

N Fre W Post B Diff
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Appendix 4e i TPOO5 Performance Table

WIHE TFR TP 005
Zero Wheol | Za1o mhist SO0k | million | 2months. | - -

Locatian MS NBMS/0- | .y, 1 1 | hizdayd wheel | Emonth w2 |esdrgaue| 2 tmarths | tomonths | @manse | |7 P (o sacamme] 2 mtonens] 2
applicstian | appication hits munthe |0 lackdean| TS oty Mante
= e FaloTeh

netes | WieTE Aetes | FTEHO o P13 [Prsva| | wiees | Frsran | AwoTe Actoo | VIPTS | P73 g, [P0

Stk peed S pevd staio peed High spoed Stk “ooed d
. e s'—

Anerape Dy mos 400 =1 Sz Ll "y =] Jus S F23 E om 23 B S

Avwiage net med 162 52 s& Wi 72 ] ”® s, 0 Es s Ni& 145 268 Nix Ni&

Awitaze Diycd 266 K282 259 NiA 256 " npo, Ha N Ni& 58 135 NiA NiA

Auwiage SAT 55 1 56 s I 2 AV 77 nik K& 47 5 i NiA

Tmibon iz

2milion ks 24 mocths onical
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DRY

DRY Rl

WET

WET RI

Qd

TP 005
&00
500 —
400
300
200
100
0
1] 500 1000 1500 2000
HITS
—_—Aeter On sike
TP 005
180
150
140 \ __'___'___'__,_._-—-—
120
100
B0
&0
40
20
1]
OHITS 500 1000 1500 2000
— A etEC on Road
TP 005
300
250
E 150
100
50
0
o HITS 500 1000 1500 2000
—_—Aeter — on Road
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SRT

8

SRT
&

20

1.60
1.40
1.20
1.
0.8
o.e0
O.a0
O 2
LA
-0 20
0.0
-0 60

TP 005
—
Hits 500 1000 1500 2000
—_— Aetec On Road

Remowval from Road surface only

+ : - -

M Fre ®Post B Oiff
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Appendix 4f T TPOO7 Performance Table

Location M5 NEB 14584
14413

Auerape Drymed

Average wet mod
Ayerage Dy Q3
Pueraze SRT

DRY

e00
500
400

300

DRY Pl

200

100

Geveko HETFR TP 007

1 milion ks
Zero Wheel | Zero el S0e). - -
Nits Dlay ) wits dag | wheol € mamhs Pmillion [Rmonths.ll o .- 18 months | 18 menths | 18 months 2 Millseon o* 2 | os mones
spplication | apphcation hit hits 1eadivg, doe hits | Moaths | Months
pplic 1o \ookcound
X = AED FettoTel
Gewelar PTE 3 | PTEHH Goveka | PTS High | ReraToh FTS Hich
Avtes P73 Sk Aete High speed Actec | PTE St spesd PTastatic] spesd [highspesd Actes G;::oo speed th
BA7 pa23 Y] TS 293 13 i 33 G ) 203 3 e Ji ;3
%6 ® 150 N, 123 214 A 240 A A 120 Y A Nid
233 234 212 Nio, 220 ®E A 152 na e 193 e MNA Nio,
58 62 66 NiD, (3] 70 NPa 7 o A 67 1% A Ned,

g HITS

Trmebion his

2mikon kit

TP 007

-

500

—_—Aeter

1000

1500

On site
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2000

24 months onvsd

2500



WET

Wt Rl

~cuBEEESES

Qd

SRT

TPOO7

0

HITS

500

—_— Aeter

1000
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On Road

2000






























