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The transition towards climate-neutral and circular cities requires a profound
transformation of construction materials, particularly concrete, which remains
the most widely used construction material worldwide. Conventional concrete
production is associated with high consumption of natural resources and significant
CO, emissions, mainly due to cement manufacturing and the extraction of virgin
aggregates. In response to these challenges, the European research and innovation
project SMILE CITY (Sustainable Materials for Innovative, Low Emissions
applications in the Circular CITY) proposes integrated solutions based on the
extensive use of recycled materials in urban infrastructure, with a strong focus on
concrete-based applications.

The project demonstrates that circular concrete solutions can be effectively
implemented in large-scale urban infrastructure, including prefabricated elements
for cycling and urban mobility systems. This contribution focuses on recycled
concrete solutions developed within SMILE CITY, highlighting material strategies
and preliminary performance outcomes.

In the first phase of the project, tailored concrete mix designs incorporating
recycled concrete aggregates, recycled rubber particles, and recycled steel fibres
from end-of-life tyres were developed in compliance with structural and exposure
class requirements for urban environments. Two types of cement were used Portland
limestone cement CEM II/A-LL 52.5 R and blast furnace cement CEM III/A 42.5 N.
Natural aggregates included quartz sand (0-2 mm), granite sand (0-4 mm), and
coarse gravel (4-14 mm), as aggregates were used. Recycled constituents comprised
recycled concreteaggregates (RCA 0—-4 mm), recycled steel fibres (Flexofiber FX-20),
and recycled rubber particles (0-8 mm). A superplasticizer was used to ensure
adequate workability. Concrete mixtures were produced from recycled steel fibres
and with partial replacement of natural aggregates with RCA or rubber particles.

Mechanical performance was assessed through uniaxial compression tests,
providing compressive strength, elastic modulus, and fracture toughness, as well
as three-point bending tests to determine flexural strength and residual post-
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cracking behaviour. Durability-related properties included carbonation resistance,
gas permeability (air permeability using the Torrent method and nitrogen
permeability using the Cembureau method), and water absorption. Microstructural
characterization was performed using optical microscopy, scanning electron
microscopy (SEM), and mercury intrusion porosimetry (MIP).

The results confirm that high levels of recycled content can be achieved without
compromising mechanical performance or durability-related properties, supporting
the feasibility of recycled-based concretes for urban cycling infrastructure.

In the next stage of the project, concrete mixes will be produced with partial
replacement of natural aggregates by recycled plastic pellets, and the performance
of reinforcement made of plastic bars in glass fiber reinforced polymer (GFRP)
elements will be investigated.
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