ITERCHIMICA: THE

CASE FOR COLOUR

oloured pavements became

popular in response to a demand

from local governments and

urban residents for improved
aesthetics of streets. They are being used
more and more for a much wider range of
applications including cycling paths, bus/
express lanes and hospitals.

However, nowadays, the demand for
coloured pavements is increasing because of a
greater understanding of their environmental
benefits. For example, there is safety
enhancement. They provide high contrast for
lane markings, making it easier for drivers to
navigate.

When considering sustainability and
environmental benefits, coloured paving
material can have high solar reflectance
(albedo) that reduces surface temperatures.
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Cooler pavements mitigate the urban
heat-island effect and contribute to overall
sustainability” *.

Regarding energy savings, research and
on-site data in Italy and Japan show that
coloured pavements in tunnels would allow
the reduction of the energy needed for
lighting® *.

Meanwhile, research and literature - albeit
limited so far - shows that inclusion of
colouring materials can enhance some of the
performance and mechanical properties of
paving materials made of either bitumen or
synthetic binders.

Aesthetic appeal is enhanced because
coloured pavements add visual interest
and create an immediate sense of place
and identity, a plus for the overall urban
environment.

COLOURED PAVEMENT

Coloured pavement technologies can be
classified into five groups:

1) Paints: these materials are applied on the
surface of the asphalt pavements. The
technologies are suitable for aesthetic
applications such as sports-ground yards,
municipal applications, and cycling
pathways for pavements with enough
macro texture to ensure the required skid
resistance;

2) Mortars: these materials consist of
paints and a portion of sand ensuring
additional micro texture to the surfaces of
pavements with less macro texture. This
would enhance the safety of walking ways,
especially for vulnerable users;
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COLOURED PAVEMENT

=> 3) Granular pigments: These materials

are used to produce coloured hot-

mix materials either with bitumen or
synthetic binders. Naturally, when using
bitumen, the dosage is higher than when
synthetic binders are adopted. As far as
the application is concerned, when using
coloured asphalt mixtures, the material
can be used even for special taxi or bus
lanes with design traffic loads;

4) Powder pigments: In addition to the
features of granular pigments, these
materials can be used for cold asphalt
mixtures containing rejuvenator and
binders;

5) Resins: Also known as clear binders, they
are used with aggregates already in the
desired colour. Thus, the material is simply
used as the binder for the mixture.

URBAN HEAT ISLAND

Cities are hotter than rural areas because they
are covered in dark, impermeable surfaces
that have low albedo - or solar reflectance

- meaning they absorb heat from sunlight.
They get hot and warm the air above. The
higher solar reflectance maintains low surface
temperatures which in turn reduce the release
of sensible heat to the environment. These
phenomena not only cause environmental
challenges but also lead to less performant
urban infrastructure.

Coloured pavements, especially in
lighter shades, have a remarkable ability to
stay cooler than traditional black asphalt
pavements. This property is crucial for
mitigating urban heat islands. The solar-
reflection properties of coloured pavements
have been studied in several research works.
Figure 1 shows the impact of colour on the
solar reflection of pavements made with clear
binder compared with traditional black/
greyish asphalt pavements. As expected,
asphalt pavement demonstrated the lowest
reflection compared to the other coloured
pavements made of clear binder (resin) and
colouring pigments.

As shown via solar-reflection properties,
conventional dark pavements absorb 80-95%
of sunlight. This accordingly leads to a higher
surface temperature. Although, several
parameters such as surface texture and wind
speed, determine the surface temperature of
pavements, the colour of the material plays a
crucial role.

In a research work, the surface temperature
of several coloured asphalt materials
was measured under realistic outdoor
conditions®. The results shown in figure 2
revealed that under the same condition,
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Figure 1. Impact of colour on the level of solar refraction. The figure is reconstructed from literature®.
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Figure 2. Impact of colour on the surface temperature of the pavement.

The figure is reconstructed from literature’.
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regardless of the tested colours, all coloured
materials resulted in less surface temperature
compared with the black/garish conventional
asphalt pavements. By reducing surface
temperatures, coloured pavements contribute
to a more comfortable environment for
pedestrians and drivers alike.

CLEAR BINDER

Clear binders are revolutionising the road
pavement industry by offering a sustainable
and aesthetically pleasing alternative to
traditional black bitumen. The use of clear
binders in pavement production addresses
both aesthetic concerns and functional
performance. For instance, a study has shown
that pavements made with clear binders can
significantly reduce urban heat-island (UHI)
effects, with temperature reductions of up to
9°C".

Clear binder - resin - is a composite
synthetic material comprising two distinct
components: a solid and a fluid material,
formulated for the production of hot- mix
materials. Generally, the two components
shown in figure 3 are combined in a ratio
of 68% solid to 32% fluid. The amount of
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the binder shall be determined based on the
type of the mixture and aggregates’ blend
grading. However, this quantity in most
cases is similar to the mixture optimised with
bituminous binders.

ZAGREB GREENWAY

Rising environmental awareness and
increasing traffic in the cities are making
bicycles an increasingly appealing option for

Figure 3. The two components of clear binder.
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short-distance commutes. As a response, the
infrastructure of cycling pathways has been
extended providing both safety and comfort
for cyclists managing the cyclist traffic flow in
the cities. In this context, the project involves
the construction of an eco-friendly, safe,
resilient and cool cycling path for the capital
of Croatia, Zagreb.

The Greenway is a major infrastructure
project which aims to build a 121km-long
bicycle path, the so-called “bicycle highway”
With 50km passing directly through the City
of Zagreb, the Greenway will also provide
a fast and safe route for cyclists and will be
used as a major transport artery for freight in
terms of urban last-mile delivery.

The route is also designed to strengthen
eco-tourism in the area and will be equipped
with a range of measures from signalling,
lighting, electric-bicycle chargers to traffic
counters and information tables.

Located along the River Sava, the first
phase of the project was constructed along
the southern bank of the Sava River between
the Blato district to the Sava Bridge. The path
is 2km long, 2m wide and has a pavement
thickness of 40mm. The paving material was
a 14mm aggregate of Nominal Maximum Size
(NMS) dense-graded mixture, produced with
a 6.5% synthetic binder (resin) and 1% green
granular pigments, both on the weight of the
aggregates.

Before laying the paving material, the
surface of the compacted, crushed stone
base layer was covered with 0.6-0.8kg/m2
synthetic emulsion, providing the necessary
bond between two different materials. Figures
4a and 4b show the covered surface with
synthetic emulsion and of the laid green
materials.

LABORATORY ANALYSIS

Prior to the real-scale production and laying
of the coloured material, the material was
designed and tested at the laboratory. For this
purpose, the mixture was produced at 170°C
and compacted at 150°C using 50 blows
Marshall hammer at each side. The obtained
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Figures 4a-b. Synthetic emulsion spread on the compacted crushed stone
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results shown in table 1 were then compared
with the technical requirements of the
project. Based on the obtained results it can
be deduced that the values complied with the
requirements of the technical specification of
the project.

*Klajdi Kulla holds an MSc in civil engineering
from Politecnico di Milano University in

Italy, specialising in infrastructure, roads and
airports. At Iterchimica, he has experience
conducting tests related to defining the Job Mix
Formula. Since 2019, he has been working on
the commercial side of the business, focusing on
the European market.

**Darinka Jug is a senior specialist for tourism
within Zagreb, specialising in the strategic
planning of cycle networks, including since
2015 the city’s Greenway Project. She is also a
member of the national cycle route planning
and tourism group for Croatia’s Ministry

of Tourism and is the co-author of the
classification of state cycling routes.

Table 1. Summary of results obtained on the laboratory-produced mixture.

Test parameter Standard Unit Results Specification
Bulk density EN 1097-5 g/cm3 2548 -

Maximum theoretical density EN 1097-6 g/cm3 2520 -

Air void content EN 12697-8 % 1.8 1.5-5.0
Marshall Stability 12697-34 kN 6.7 >5.0
Marshall Flow mm 43 215
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