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Abstract

The construction industry is a major contributor to global resource consumption and waste generation.
Recycled Concrete Aggregate (RCA), produced from demolished concrete structures, offers a sustainable
alternative to natural aggregates in pavement construction. This study investigates the mechanical and
durability properties of RCA-based pavement mixtures and evaluates their performance through laboratory
testing and life-cycle cost analysis. Results indicate that RCA can partially replace natural aggregates without
significantly compromising structural integrity, while contributing to reduced environmental impact. The
findings support RCA’s potential as a sustainable material in civil infrastructure projects.
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1. Introduction

The rapid pace of urbanization and industrial development across the globe has placed an unprecedented demand
on construction materials, especially natural aggregates, which are a primary constituent of concrete. These
aggregates are typically sourced from quarries and riverbeds, leading to large-scale environmental degradation,
depletion of natural resources, and increased greenhouse gas emissions associated with extraction and
transportation. At the same time, the demolition of aging buildings, bridges, and other infrastructure produces an
immense quantity of construction and demolition (C&D) waste. A significant portion of this waste, particularly
demolished concrete, is often disposed of in landfills or left unused at construction sites, causing land pollution,
waste accumulation, and the loss of potentially valuable material.

Recycled Concrete Aggregate (RCA) has emerged as a promising alternative material, offering the potential to
address both the scarcity of natural aggregates and the problem of waste management. RCA is produced by
processing demolished concrete through crushing, cleaning, and grading to produce aggregates suitable for new
concrete production. Previous studies, such as those by Tam et al. (2018) and Poon et al. (2020), have
demonstrated that RCA can partially replace natural aggregates in concrete without significantly compromising
structural performance, particularly when used in low- to medium-load applications such as pavements, sidewalks,
and non-structural components. However, challenges remain regarding the variability of RCA quality, higher
porosity, and the potential for reduced mechanical strength compared to natural aggregates.

Given the urgent need to develop sustainable construction practices, this study investigates the use of RCA in
pavement-quality concrete, focusing on its mechanical properties, durability, environmental impact, and cost-
effectiveness. The goal is to determine the optimal replacement level of natural aggregates with RCA that can
deliver adequate performance while contributing to sustainability objectives.

2. Materials and Methods

The research was conducted using a systematic experimental approach to evaluate the performance of concrete
containing different proportions of Recycled Concrete Aggregate. The RCA used in this study was sourced from
demolished reinforced concrete structures located in urban areas, primarily comprising residential and small
commercial buildings. These materials were subjected to crushing and sieving to obtain aggregate sizes
conforming to Indian Standards specifications for pavement-quality concrete. Natural aggregates (NA), consisting
of crushed granite and river sand, were procured from a local quarry and served as the control material for
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comparison. Ordinary Portland Cement (OPC) of 43 grade, conforming to I1S:8112, was used as the binder, and
potable water meeting 1S:456-2000 specifications was employed for mixing and curing.

Four concrete mixes were prepared with varying proportions of RCA as a replacement for natural coarse
aggregates: 0% (control), 25%, 50%, and 75%. The mix design was carried out according to IRC:SP:62-2014
guidelines to achieve the desired workability, strength, and durability for pavement applications. The concrete
was mixed in a mechanical mixer to ensure uniform blending of materials, followed by casting into standard molds
for testing. All specimens were cured in water at 27+2°C for the designated periods prior to testing.

To evaluate the mechanical performance of the mixes, compressive strength tests were conducted in accordance
with IS:516-1959, while flexural strength was determined as per 1S:9399-1979. Durability was assessed through
water absorption tests (ASTM C127) and abrasion resistance tests using the Los Angeles Abrasion Machine
(ASTM C131). In addition, a Life-Cycle Cost Analysis (LCCA) was performed to determine the economic
viability of RCA usage, considering both direct material costs and long-term maintenance expenses. This
comprehensive testing framework ensured that the results reflected not only the strength characteristics but also
the long-term sustainability of RCA-based pavement concrete.

3. Results and Discussion

The experimental results obtained for the mechanical, durability, and economic performance of concrete with
varying levels of Recycled Concrete Aggregate (RCA) replacement are discussed in this section. The findings
highlight both the benefits and limitations associated with the incorporation of RCA in pavement-quality concrete.

3.1 Mechanical Properties

Compressive strength tests revealed a gradual reduction in strength as the RCA content increased. The control
mix (0% RCA) achieved an average 28-day compressive strength of 40.2 MPa, while mixes with 25%, 50%, and
75% RCA replacement recorded average strengths of 38.9 MPa, 37.5 MPa, and 35.8 MPa respectively. Although
the strength reduction was noticeable, particularly at 75% replacement, the values for up to 50% replacement still
exceeded the minimum requirements for pavement applications as per IRC guidelines. This reduction is attributed
to the higher porosity and weaker adhered mortar on the RCA particles, which slightly compromise the concrete’s
load-bearing capacity.
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Figure 1: Compressive Strength vs. RCA Replacement

Flexural strength tests exhibited a similar trend, with values reducing slightly as RCA content increased. However,
even at 50% replacement, the flexural strength remained within the acceptable limits for low- to medium-traffic
rigid pavements.

3.2 Durability Performance

Durability tests indicated that water absorption increased progressively with higher RCA replacement levels. This
is a direct consequence of RCA’s more porous nature compared to natural aggregates due to the presence of
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residual mortar. At 75% replacement, water absorption was nearly 1.4 times higher than the control mix, which
could influence the long-term resistance of the concrete to freeze-thaw cycles and chemical attack in aggressive
environments.

Abrasion resistance, measured using the Los Angeles Abrasion Test, showed only a marginal decrease with
increasing RCA content. For pavements subjected to moderate traffic loading, the abrasion resistance of mixes
containing up to 50% RCA was found to be satisfactory.

3.3 Environmental Benefits

Incorporating RCA significantly reduced the demand for natural aggregates, thereby conserving finite quarry
resources. For every cubic meter of concrete containing 50% RCA, approximately 550 kg of natural aggregates
were saved, and nearly 450 kg of demolition waste was diverted from landfill disposal. This directly contributes
to reducing the environmental footprint of construction activities. Additionally, energy consumption and carbon
emissions associated with aggregate quarrying and transportation are minimized.

3.4 Economic Analysis

The Life-Cycle Cost Analysis (LCCA) demonstrated notable cost benefits associated with RCA usage. Direct
material costs decreased due to reduced dependence on quarry-sourced aggregates, while indirect savings arose
from minimized waste disposal charges. Over the projected service life of the pavement, a cost reduction of 8—
12% was observed for mixes containing 50% RCA. The economic advantage diminished slightly at 75%
replacement due to the potential for increased maintenance requirements stemming from the reduced strength and
higher water absorption.
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Figure 2: Life Cycle Cost Savings vs. RCA Replacement

4. Conclusion

This study evaluated the feasibility of using Recycled Concrete Aggregate (RCA) as a partial replacement for
natural coarse aggregates in pavement-quality concrete. Experimental results demonstrated that replacing up to
50% of natural aggregates with RCA yields satisfactory compressive and flexural strength, adequate durability,
and notable economic and environmental benefits. While strength and abrasion resistance declined slightly with
higher RCA content, the values for 50% replacement still met the requirements specified by IRC:SP:62-2014 for
rigid pavement applications.

The environmental advantages of RCA utilization are significant, including reduced demand for natural
aggregates, diversion of construction and demolition waste from landfills, and a lower carbon footprint due to
decreased quarrying and transportation. Economically, the life-cycle cost analysis revealed material cost savings
of 8-12% for 50% RCA replacement, making it a competitive alternative in cost-sensitive projects.

However, the study also identified limitations associated with high RCA content, particularly increased water

absorption and reduced mechanical performance at 75% replacement levels. Future research should focus on
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improving RCA quality through advanced processing methods such as thermal treatment or mechanical separation
of adhered mortar. Long-term field performance studies under varying climatic and traffic conditions are also
recommended to validate the laboratory findings.

In conclusion, RCA can be considered a sustainable and economically viable material for partial replacement of
natural aggregates in pavement construction, aligning with global goals for resource conservation and waste
reduction.
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