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ABSTRACT

Recent studies on sustainable urban paving solutions have focused on the use of
permeable pavements and the integration of recycled materials, such as construction
and demolition (C&D) waste. As urbanization increases, vegetated areas are being
replaced by impermeable surfaces, causing negative impacts such as higher surface
runoff and reduced water infiltration. Permeable pavements provide an efficient
alternative, allowing water infiltration into the soil and contributing to flood mitigation and
aquifer recharge. The use of recycled aggregates, such as recycled concrete and
reclaimed asphalt, has gained attention because it reduces the demand for natural
materials and minimizes the environmental impact of construction. However, the
application of these materials still faces challenges, such as the variability of recycled
waste, resistance issues, and the risk of pore clogging, which can impair long-term
infiltration capacity. Recent studies indicate that the mechanical properties and
durability of these pavements can be improved through techniques such as chemical
stabilization and resin treatments. The lack of clear technical regulations and concrete
economic data has limited the large-scale implementation of these systems, but
ongoing research is helping to overcome these barriers. Standardizing testing methods,
defining performance criteria, and establishing proper maintenance guidelines are
crucial steps to ensure the widespread adoption of these solutions. Ultimately, the use
of permeable pavements with recycled materials represents an effective strategy for
promoting urban sustainability, reducing the environmental impact of construction, and
improving the quality of life in cities.
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INTRODUCTION

In recent years, urbanization and its associated environmental impacts, such as
soil impermeabilization, have prompted the search for more sustainable civil
engineering solutions. Among the promising alternatives, permeable pavements have
gained attention for their ability to allow water infiltration, which reduces runoff and
supports aquifer recharge. At the same time, the increasing generation of construction
and demolition waste (CDW) has spurred the development of techniques aimed at
reusing these materials, especially in urban infrastructure. The integration of CDW into
the construction of permeable pavements represents a convergence of these two
sustainable approaches. Various studies have examined the use of recycled
aggregates, such as recycled concrete aggregate (RCA), crushed brick (CB), and
reclaimed asphalt pavement (RAP), in different pavement layers, including subgrades,
sub-bases, and stabilized bases. These studies demonstrate that, with appropriate
treatments like lime, cement, or resin applications, the mechanical properties, water

stability, and durability of pavements containing CDW can be significantly enhanced.

Figure 1: Pgrmeable Pavement Systems.
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Source: Santhanam & Majumdar (2020).

However, challenges remain, particularly with the variability in recycled waste
composition, lower abrasion resistance, and the risk of pore clogging, which can hinder
long-term infiltration capacity. Additionally, there is a lack of standardized technical
guidelines for the use of CDW in permeable pavements, limiting widespread adoption.
To facilitate broader implementation, establishing standardized testing methods,
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performance criteria, and maintenance protocols is essential. Despite these barriers, the
literature suggests that combining permeable pavements with the reuse of demolition
materials offers an effective strategy for advancing urban sustainability. With proper
guality control and the application of modification technologies, it is possible to create
environmentally responsible and feasible solutions for the pavement industry.

Pereira and Vieira (2022) explore the potential of using construction and
demolition (C&D) waste in the construction industry, specifically focusing on unbound
road pavement applications. They emphasize that the construction sector's significant
environmental footprint—due to its high energy consumption, resource use, and waste
generation—calls for effective waste management and recycling strategies. The study
advocates for the use of recycled aggregates from C&D waste as a sustainable solution
for pavement layers, showing that these materials can be both economically viable and
environmentally beneficial. A comparison of the mechanical properties of recycled
aggregates versus natural aggregates highlights the long-term performance of the
former in unbound pavement applications. Furthermore, the research provides an
overview of C&D waste generation and recovery practices in the European Union,
reinforcing the need for scientific validation of the technical and environmental benefits
of using recycled materials in pavements.

The study by Salehi et al. (2021) discusses the challenges and opportunities
linked to replacing virgin materials with recycled materials in pavement construction,
aiming to reduce the environmental impacts of waste from municipal, commercial,
industrial, and construction sectors. While this substitution offers significant potential for
waste management and sustainability goals, uncertainties remain regarding the
economic and environmental implications of using recycled materials. The research
reviews the performance of various materials, including recycled concrete aggregates,
lignin, recycled plastic, crushed glass, crushed brick, and crumb rubber, noting that
sustainability analyses of these materials are still in the early stages. Inconsistencies in
methodologies complicate cross-study comparisons, and the lack of attention to
maintenance, usage, and end-of-life phases in life cycle assessments undermines the
evaluation of long-term viability. The study emphasizes the need for more research to
provide deeper insights into the impacts of recycled materials, enabling informed

decision-making by policymakers.
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Xie, Akin, and Shi (2019) offer an in-depth review of the state of knowledge on
permeable concrete pavements (PCPs), with a focus on improving their overall
performance and maximizing environmental benefits. PCPs provide several
environmental advantages, including reducing stormwater runoff, improving
groundwater quality, mitigating urban heat islands, reducing traffic noise, and enhancing
skid resistance. However, the hydraulic performance of these pavements is influenced
by factors such as mix design, pavement structure, construction practices, and service
conditions. One major challenge is balancing the mechanical properties, durability, and
infiltration capacity of these systems. The study highlights the need for new
technologies that enhance the durability of PCPs without compromising their infiltration
ability or increasing maintenance costs. Challenges such as freeze-thaw damage,
deicer effects, and clogging still hinder the widespread use of this technology. The
authors call for more precise material characterizations and better understanding of the
correlations between physicochemical properties and performance. Additionally,
emerging fields such as nanotechnology could offer innovative solutions to enhance the
durability and environmental benefits of permeable pavements.

Mohanty, Mohapatra, and Nayak (2022) provide a systematic review of the use of
construction and demolition (C&D) waste as aggregate in the base and subbase layers
of pavements. They highlight the environmental issues associated with C&D waste,
such as land consumption, landfill depletion, and pollution, and emphasize the potential
of using these materials in pavement construction. The study evaluates the mechanical
and durability performance of C&D waste in both bound and unbound applications,
revealing that properties like California Bearing Ratio (CBR) and Unconfined
Compressive Strength (UCS) decrease as waste content increases. However, chemical
stabilization can improve these properties. The research also indicates that the resilient
modulus of treated C&D materials improves with higher stabilizer content, longer curing
times, and increased confining pressure. The study further identifies the need for
exploring other waste types for use in base or subbase layers and provides valuable
insights that can guide the adoption of non-traditional aggregates in pavement
construction, contributing to more sustainable construction practices.

Sambito et al. (2021) conducted a comprehensive review of the hydrological and
environmental performance of permeable pavement systems, with a focus on urban

drainage and durability. They point out that urbanization has led to the replacement of
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vegetated areas with impermeable surfaces, resulting in increased surface runoff,
reduced soil water infiltration, and lower evapotranspiration. Permeable pavements offer
a solution by allowing water to infiltrate the ground, thus mitigating hydrological impacts.
The study reviews methods used to assess the performance of these systems, including
their efficiency in removing conventional pollutants and their broader environmental
impacts. The literature survey, which analyzed 1,238 articles, identified 17 studies that
met the inclusion criteria. The findings offer critical insights that advance understanding
of the environmental benefits of permeable pavements and suggest directions for future
research in this field.

Kuruppu, Rahman, and Rahman (2019) reviewed the current state of permeable
pavement research, focusing on the limitations of its applicability. The paper discusses
the impact of various design factors such as pavement type, mix design, aggregate
materials, and sub-base depth on hydraulic, structural, and environmental performance.
Despite the potential of permeable pavements, their adoption has been slow, primarily
due to a lack of scientific understanding and economic uncertainties. The study stresses
the importance of further research to address these gaps and suggests several
challenges for future investigation, including the unavailability of cost data, difficulties in
estimating intangible benefits, and the need for design modifications that optimize
environmental, hydraulic, and structural performance. The authors also highlight the
challenges of simulating real-world conditions in laboratory experiments, developing
standardized maintenance procedures, and improving the bearing capacity of
pavements to withstand higher traffic loads.

The use of permeable pavements, especially those incorporating construction
and demolition (C&D) recycled materials, has proven to be a promising solution to
address urban environmental challenges. The increase in urbanization and soil
impermeabilization has caused significant impacts, such as increased surface runoff
and reduced water infiltration into the soil. Permeable pavements allow water infiltration,
contributing to aquifer recharge and mitigating flooding. Additionally, the reuse of
recycled aggregates, such as recycled concrete and reclaimed asphalt, not only
reduces the environmental impact of natural resource extraction but also provides a
more sustainable and economical alternative in pavement construction. However,
challenges such as the variability of recycled waste and the lack of specific technical

regulations still limit the widespread adoption of these solutions.
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Advances in research and the implementation of modification technologies, such

as chemical stabilization and the use of resins, have shown that it is possible to improve
the mechanical properties and durability of pavements made with recycled materials,
allowing for greater environmental and structural efficiency. Despite existing limitations,
such as the difficulty of simulating real-field conditions and the lack of concrete
economic data, the future of permeable pavements integrated with recycled materials
looks promising. With further research, standardization of testing methods, and clear
maintenance guidelines, these solutions have the potential to become essential
practices for promoting urban sustainability, helping to reduce the construction
industry's ecological footprint and improving the environmental quality of cities.
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