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Abstract — A lot of old structures and pavements (bituminous and concrete) are collapsed or
replaced every year. The demolition and structure processes naturally introduce the problem of
recycling materials. When used appropriately, recycled materials provide good quality, cost-
effective road construction materials that benefit the environment and lessen the use of raw
materials. In most cases, the use of recycled materials offers economic benefits, because recycled
materials often cost less than virgin aggregate materials, particularly when used in reclamation
costs, and may also save transportation and disposal-related costs. The social benefits of using
recycled materials include saving available natural resources and extending the life of available
landfill space. Although much research has been conducted on using recycled materials, especially
reclaimed asphalt pavement (RAP) bituminous pavement layers, limited research has been
reported on the use of RAP in concrete pavements. Most of the studies have investigated the
replacement percentage of RAP for natural aggregates. Several researchers conducted
experiments on testing the strength parameters of the RAP concrete and have suggested methods
to improve the durability properties of the RAP concrete. This review paper is presented to study
and consolidate the results and findings of the previous works carried out by various researchers
across the globe. The review attempted to refer all possible research materials available online and
offline. Conference materials, technical reports, IRC code books, etc were also studied to
understand the RAP concrete for future research. The reviews from the literature are presented
based on the phases that the RAP material has taken in the construction industry. Firstly “RAP as
a waste” was reviewed through the literatures and was identified as a potential waste to be reused
in concrete. Secondly the literature papers were grouped and reviewed for the possible forms of
replacement of RAP (coarse and fine) for natural aggregates. This phase of feasibility (2000 to
2010) established the demand of RAP as an alternative for natural aggregates. By 2011 RAP
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material had a great potential of being used as a substitute for the natural aggregates in concrete
making. Investigations concluded that the natural coarse aggregates could be replaced by coarse
RAP up to 50% in concrete pavements and on the other hand the replacement of fine RAP was
still under consideration for in depth study and analysis. So, this phase (2011 to 2015) is portrayed
as the phase of replaceability in this paper. Finally, during the phase of enrichment and durability
(2016 to 2021) few attempts have been made to enhance the strength properties of RAP concrete
by utilizing different supplementary cementitious mineral admixtures such a silica fume, fly ash
etc., Through the studies it was observed that very few efforts were taken by the researchers for
increasing the strength properties of RAP-concrete and there was a need for more attempts to
enhance and enrich the potential usage of RAP in concrete pavements. This review is expected to
expose the new dimensions required to be thought of by the academicians and researchers in the
effective utilization of RAP for sustainable concrete pavements in India.
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I. INTRODUCTION

With the advancements in the roadways materials
and engineering, the increasing demand for fresh
aggregates have led to the use of waste and
recycled materials from demolished construction,
pavements bridges, etc. It is a well-known fact
that construction activity leads to the generation
of various solid wastes such as gravel, concrete,
stone, bricks, wood, metal, glass, plastic, etc. The
management of construction and demolition waste
IS @ major concern for town planners due to the
increasing quantum of demolition’s rubble,
continuing shortage of dumping sites, increase in
transportation and disposal cost and above all
growing  concern  about  pollution  and
environmental  deterioration.  The  Central
Pollution Control Board has estimated current
quantum of solid waste generation in India to the
tune of 48 million tons per annum of which, waste
from construction industry accounts for 25%. The
fast depleting reserves of conventional natural
aggregate has necessitated the use of recycling/
re-use technology, in order to be able to conserve
the conventional natural aggregate for other
important works. Recycling of demolition waste
was first carried out after the second world war in
Germany to tackle the problem of disposing large
amounts of demolition waste caused by the war
and simultaneously generate raw material for
reconstruction. Considerable research has been
carried out in U.S.A, Japan, U.K, France,
Germany, Denmark etc. for recycling concrete,
masonry & bricks, bituminous and other
constituents of waste from Construction Industry.
These studies have demonstrated possibility of
using construction waste to substitute new
materials of recycling (Tifac report 2011). About

95 per cent recycling of concrete rubble has been
achieved in Japan. Emphasis in Japan has now
shifted from ‘quantity-oriented” to ‘quality-
oriented’, to enable Recycled Concrete
Aggregates (RCA) to be used in all types of
constructions, including high strength concrete in
new construction (IRC:121-2017).

1. RESEARCH BACKGROUND

A lot of old structures and pavements (bituminous
and concrete) are collapsed or replaced every
year. The demolition and structure processes
naturally introduce the problem of recycling
materials. When used appropriately, recycled
materials provide good quality, cost-effective road
construction  materials  that  benefit  the
environment and lessen the use of raw materials.
In most cases, the use of recycled materials offers
economic benefits, because recycled materials
often cost less than virgin aggregate materials,
particularly when used in reclamation costs, and
may also save transportation and disposal-related
costs. The social benefits of using recycled
materials include saving available natural
resources and extending the life of available
landfill space. Although much research has been
conducted on using recycled materials, especially
reclaimed asphalt pavement (RAP) and recycled
concrete aggregates (RCA) in bituminous
pavement layers, limited research has been
reported on the use of RAP and RCA in concrete
pavements.

A. Research Questions

»  Will it be possible to use recycled concrete
aggregates and reclaimed asphalt pavement
aggregates in constructing concrete pavements?
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What level of strength and durability can
be achieved using recycled aggregates in concrete
pavements?

Will this approach be an effort towards
sustainable development?

B. Research Objectives

The objective of this research is to identify
suitable recycled aggregates, study their properties
and find out the feasibility of using the waste
aggregates in concrete pavements. The study also
aims to evaluate the effects of using aggregates
produced from demolished concrete waste and
recycled asphalt pavements as a replacement for
natural coarse aggregates in concrete pavements.
The study will attempt to use the recycled
aggregates in the formulation of concrete
pavements ensuring sustainable development
approach as it may reduce the consumption of
new aggregates and reuse materials that are
considered as waste. Various tests will be
performed to evaluate the strength parameters
(compressive strength, flexural strength, split
tensile strength, etc.) of the concrete made with
the waste recycled aggregates. This review paper
will attempt to discuss the findings and conclusion
of the utilization of RAP in concrete pavements,
with a plan to understand the scope for future
research.

C. Scope of the research

The demolished waste aggregates are often
dumped on land and is not reused for any purpose.
This practice affects the environment and also the
fertility of the land. With the wave of
sustainability also impacting the construction
industry, it is inevitable to look for sustainable
and reusable construction materials. The scope of
using recycled and reclaimed aggregates in
concrete pavements may reduce the higher effects
of environmental pollution.

Recycled aggregates may have several reliable
applications in the future. It is important to
unleash the scope of recycled aggregates and if
done so, concrete recycling will become one of
the most important elements for construction
sustainability.

I11. REVIEW ON RAP IN INDIA

In India, the incorporation of the waste and
recycled materials in the road construction
commenced in the 1980’s when the conventional
raw materials became scarce. In 2001 Technology
Information Forecasting and Assessment Council,
India has estimated that every year around 2.40 to
3.67 million tons of concrete wastes and 0.25 to
0.30 million tons of bituminous aggregate wastes
are generated due to the repair, renovation and
demolition of the structures.

The use of reclaimed aggregates in constructing
rigid pavements is one of the potential areas of
research in recent years. Reclaimed aggregates
come mainly from two sources - construction &
demolition waste (Recycled concrete aggregates)
and asphalt pavements (Reclaimed asphalt
pavements). The optimized use of reclaimed
aggregates along with fresh aggregates helps
decrease construction cost without compromising
strength and durability. It also minimizes the use
of virgin aggregates and helps decrease crude oil
import for producing paving bitumen (Nithin et al.
2016). Several studies around the world have been
particularly interested in the use of recycled
concrete aggregates (RCA) (Choi et al. 2016).

The incorporation of recycled aggregates (RCA
and RAP), obtained from the rehabilitation and
demolition of old infrastructure (buildings,
pavements, and bridges), into the formulation of
PCC will become an essential practice for
sustainable development. In this context and
moving towards sustainable development it is
important to focus on using the abundant local
materials such as RCA and RAP in the road
sector.

A. Construction and Demolition (C&D) waste
aggregate materials in Concrete pavements

Various researchers have concluded that concrete
pavements are 100% recyclable. Over the past 30
years, recycled concrete aggregates obtained from
demolished concrete structures and pavements are
used in concrete pavements. There has been
success as well as failure in the performance of
such concrete pavements (ACPA 2009). Arulrajah
et al. 2012 considered a comprehensive laboratory
evaluation of the geotechnical properties of five
predominant types of construction and demolition
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(C&D) waste materials. The C&D materials tested
were recycled concrete aggregate (RCA), crushed
brick (CB), Waste Rock (WR), Reclaimed asphalt
pavement (RAP), and Fine Recycled Glass (FRG).
In terms of usage in pavement subbases, RCA and
WR were found to have geotechnical engineering
properties equivalent or superior to that of typical
natural granular subbase materials. The use of
RAP as aggregate replacement in pavement
concrete appears to be not only feasible but also
offers the possibility of improving the
performance of concrete pavement (Mang Tia et
al. 2012).

B. Recycled Concrete Aggregate (RCA)

From the viewpoint of environmental preservation
and effective utilization of resources, it is
beneficial and necessary to reuse waste concrete
as recycled concrete aggregate (RCA) for new
concrete, often referred to as recycled aggregate
concrete (RAC). The successful replacement of
recycled aggregates in concrete pavements dates
back to the early 1980s. In 1997 an interim report
was published by University of Minnesota and
Federal Highway Administration, United States
on ‘“Performance of Concrete Pavements
containing recycled concrete aggregates”. This
study documented the field performance of nine
concrete pavement projects that incorporate
recycled concrete aggregate (RCA) in the
construction of the pavement. Compressive
strength, split tensile strength, dynamic elastic
modulus, static elastic modulus, and thermal
coefficient of expansion, as well as for volumetric
surface testing and petrographic analyses were
carried out with emphasis on evaluating the effect
of RCA on pavement performance (Wade et al.
1997).

In the past years, extensive researches on this
topic have been carried out in all countries and
several successful applications of RAC in
practical engineering were also performed. Many
studies focused on: the production of RCA, the
mechanical behaviour of RAC (both strength and
deformation characteristics) and the durability
aspects of RAC (Xuping Li et al. 2008). Later
researchers studied the feasibility of replacement
of RCA aggregates for virgin aggregates in
making of concrete pavement. It was found that

quality and durable concrete that contains some
level of recycled coarse aggregates made from old
concrete pavements can be used in new concrete
pavement structure (Kho Pin et al. 2013). Savas et
al. 2013 studied the use of recycled aggregates
(RCA) from precast concrete and recycled asphalt
pavement (RAP) in concrete. The effects of RA
on fresh, mechanical and environmental properties
of concrete were tested. The study concluded that
the environmental behaviour of the recycled
aggregate concrete is similar to that of the natural
aggregate concrete. Pandurangan et al. 2016
investigated on the influence of treatment methods
on the bond strength of recycled concrete
aggregates in concrete. The study demonstrated
several treatment methods such as acid treatment,
thermal treatment, mechanical treatment, etc. to
improve the quality of recycled concrete
aggregates and compared the effects of these
treatment methods on the bond strength of
concrete. Due to the emerging need for the usage
of RCA in pavements Indian Roads Congress
framed the guidelines for the use of Construction
and Demolition Waste in Road Sector in IRC:121-
2017. Cement concrete can be prepared using
processed C&D waste aggregates (RA) or by
using Recycled Concrete Aggregate (RCA). Many
of the studies report usage of RCA rather than RA
in concrete. The most significant factor that
influences properties of RCA is that it contains
hydrated hardened cement paste sticking to
natural mineral aggregates. This hardened paste
reduces specific gravity and increases porosity
leading to higher water absorption (IRC:121-
2017).

C. Reclaimed Pavement
aggregates

Asphalt (RAP)

Reclaimed Asphalt Pavement (RAP) aggregates is
one another material that is available abundantly
as waste in the recent years. Recycled asphalt
pavement (RAP) is the reclaimed and reprocessed
pavement material containing asphalt and
aggregate. In Developed countries many studies
have evaluated the feasibility of using RAP as
aggregate in concrete for use in pavement,
however in India this research is gaining focus
recently. Another study tested the use of recycled
aggregates (RCA) from precast concrete and
recycled asphalt pavement (RAP) in concrete. The
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study concluded that the environmental behaviour
of the recycled aggregate concrete is similar to
that of the natural aggregate concrete and from the
perspective of the mechanical properties, RAP can
be used in non-structural applications (Savas et al.
2013).

A laboratory experimental study described the use
of cement-treated reclaimed asphalt pavement
(RAP) as a base layer during the rehabilitation of
pavements. The result showed that increase in
RAP content decreased the compressive strength,
flexural strength and elastic modulus of the
pavement (Saloua et al. 2015). Ransinchung et al.
2016 studied the feasibility of reclaimed asphalt
pavement in rigid pavement construction and
concluded that RAP with or without admixtures
can be used in rigid pavements after thoroughly
investigating its respective properties. The
presence of dust, asphalt film and agglomerated
particles is considered to be the primary reason for
reducing the properties of Reclaimed Asphalt
Pavement (RAP) inclusive concrete. Processing
Dirty RAP (DRAP) aggregates by the Abrasion
and Attrition method removed the contaminants
considerably strengthening the bonding properties
(Surender et al. 2017). A laboratory investigation
of concrete pavements containing fine RAP
aggregates discussed the effect of incorporation of
fine RAP aggregates on fresh, mechanical and
durability properties of concrete. It was found that
as the substitution level of fine natural aggregates
by fine RAP increases, the properties of concrete
tend to decrease gradually. The investigation
concluded that 50% fine RAP can be used for
construction of major highways, whereas 100%
fine RAP is suggested for less important roads and
in lower layers of pavement (Surender et al.
2018).

A study by Praveen et al. 2018 investigated the
potential of waste originating from road sector
(RAP) and agricultural industry (Sugarcane
Bagasse Ash) for production of concrete mixes. 5
mixes were prepared by partial replacing natural
aggregates by coarse RAP (CRAP) and fine RAP
(FRAP) in the proportions of 50% and 100%. 3
subsequent mixes were prepared by incorporating
100% RAP aggregates blended with 10% and
15% Bagasse Ash (BGA) as part replacement of
cement. It was noted that incorporations of FRAP
aggregates decreased the fresh, mechanical and
durability properties of concrete significantly

compared to CRAP aggregates. Incorporation of
10% BGA was found to enhance the mechanical
and durability properties of 100% RAP concrete
significantly. The study recommended to replace
10% of cement by BGA in RAP concrete as this
would not only strengthen the pavement but
provides with environmental and economic
benefits. This study demonstrates that the usage of
admixtures along with RAP can improve the
strength parameters of the concrete pavements.
The future focus can be on studying the feasibility
of using admixtures to strengthen RAP concrete
pavements.

IV. CONCLUSIONS OF THE REVIEW

Through the studies it was observed that very
few efforts were taken by the researchers for
increasing the strength properties of RAP-concrete
and there was a need for more attempts to enhance
and enrich the potential usage of RAP in concrete
pavements. This review is expected to expose the
new dimensions required to be thought of by the
academicians and researchers in the effective
utilisation of RAP for sustainable concrete
pavements in India.
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