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Abstract- The use of recycled concrete aggregate (RCA) in 

concrete as partial and full replacements of natural coarse 

aggregate (NCA) is growing interest in the construction 

industry, as it reduces the demand for virgin aggregate. In 

addition, the use of RCA leads to a possible solution to the 

environmental problem caused by concrete waste, and reduces 

the negative environmental impact of the aggregate extraction 

from natural resources. This paper presents a comprehensive 

review on the use of RCA concrete in Pavements based on the 

experimental data available in the published research. The 

most important physical, mechanical, and chemical properties 

of RCA are discussed in this paper. However, more emphasis 

has been given to discuss the effects of RCA on the fresh and 

hardened properties, and durability of concrete. 

 

I. INTRODUCTION 

 

 Demolition of old structures and construction of new 

ones are frequent phenomena due to change of purpose, 

structural deterioration, rearrangement of a city, expansion of 

traffic directions, and natural disasters. About 850 million tons 

of construction and demolition waste are generated in the 

European Union each year, which represents 31% of the total 

waste generation. Countries such as China, India, Indonesia, 

Malaysia, Thailand, Gulf States, Turkey, Russia, Brazil and 

Mexico have recorded some of the strongest increases in the 

demand for waste recycling. Hence, progressive depletion of 

natural resources and growing awareness of sustainable waste 

management by the developed and emerging economies, have 

given ever-increasing relevance to recycle and re-use C&D 

waste in civil engineering projects. 

 

1.1 Generation and recovery of construction and demolition 

Waste. 

 

C&D waste constitutes a major portion of total solid 

waste production in the world, some studies have estimated 

that up to 90% of demolition waste going to the landfills can 

be recycled and reused. Construction Waste occurs on account 

of building constructions and building renovations. 

Demolition waste results from demolition of built structures, 

bridges, roads etc. their complete removal or renovation. It 

also includes demolition debris caused due to natural disasters. 

The  particular, there is a re-use market for aggregates derived 

from C&D waste in roads, drainage and othe construction 

projects. Technologies for the separation and recovery of 

C&D waste are well established, readily accessible and in 

general inexpensive. Despite its potential, the level of 

recycling and material recovery varies greatly (between <10% 

and over 90%) in countries across the globe. 

 

1.2 Processing of construction and demolition waste. 

 

Significant potential remains for increasing the use of 

recycled aggregate in concrete. In some countries, notably 

Germany, Switzerland and Australia, concrete containing 

recycled aggregate is now being marketed. The most common 

method  for recycling dry and hardened concrete involves 

crushing. Mobile sorters and crushers are often installed on 

construction sites to allow on-site processing. In other 

situations, specific processing sites are established, which are 

usually able to produce higher quality aggregate. 

 

1.3 Pavements as civil engineering applications of recycled 

aggregate. 

 

Roadway infrastructure-A pavement is a multi- layer 

system which directly supports traffic and transmits the 

vehicular load to the road base. It consists of a concrete slab or 

asphalt slab resting on the foundation system formed by 

several overlapping layers of finite thickness. Conventionally 

crushed virgin aggregate were used in the road base and sub-

base, but research carried out in recent decades made it 

possible to utilise recycled aggregate from C&D debris in the 

sub- base and sub-grade levels of the road way. In this role, 

the absolute strength needed to support the intensity of 

loading, is less important, but the consumption of the recycled 

concrete aggregate will be high due to the volume of material 

required in lower layers. 

 

[26] Concrete pavement 

 

The field performance of recycled aggregate concrete 

(RAC) in pavement construction subjected to heavy traffic 

loads under aggressive weather conditions. RCA show 

performance at par or even better than that of corresponding 

control concrete. Later age enhanced strength and durability 
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attributes of RCA concrete suggest its suitability for use in 

concrete based infrastructure such as pavement construction. 

 

1.3. Environmental and Economic Impact of CDW 

 

The environmental and economic impact of various 

disposal methods of CDW were evaluated using dynamic 

model [44]. The study revealed that recycling was the best 

method. Theoretically, 

recycling20%ofCDWwouldreducethecostofL.E.112,636.8billi

on($16,161.35billion)overa20 year period. It concluded by 

reinforcing the  facts that recycling helps to conserve raw 

materials and landfills space, reduce GHG emission and costs 

to mitigate pollution. Recycling of aggregates requires about 

4.0 kg CO2 per tonne, which is 22 to 46% lower than the 

convention aggregate. The utilization of 50% RC during in 

road construction would reduce the embodied energy and 

GHG emission of material component by 23%. The use of RC 

helps to reduce GHG emission by 65% while saving 58% non-

renewable energyconsumption. 

 

II. LITERATUREREVIEW 

 

In recent years, certain countries have considered the 

reutilization of waste materials as a new construction material 

as being one of the main objectives with respect to sustainable 

construction activities. The properties of recycled aggregates 

obtained by crushing M40 grade natural aggregate concrete 

and concluded that the grading curve of the recycled coarse 

aggregate as well as of the natural coarse aggregate do not 

differ appreciably except that former type of aggregate possess 

lower specific gravity, higher water absorption capacity and 

significantly low resistance to mechanical action such as 

impact and crushing. The global aggregate production of 40 

billion tons is an indication of the vast development projects 

which are materializing around the world. As the land for 

landfill becomes scarce and the world demand of aggregate 

reaches to an enormous 40 billion tons annually, ways to use 

C&D waste is gaining importance due to legislation, it is 

cheaper and available. 

 

In Germany, the Federal Quality Association for 

Recycled Building Materials was established in 1984 and had 

its headquarters in Berlin. The main function of the 

association was to unite the major recycling companies in 

Germany and in 2006 it also became the headquarters of the 

European Quality Association for Recycling, which is the 

umbrella organization of quality associations of the European 

Union. Since 1980’s, there has been considerable progress in 

C&D waste management systems in the developed economies, 

particularly in Australia, Western Europe and North America. 

 

The physical properties of RCA influence the mix 

proportion and properties of concrete. The basic 

characteristics such as shape and texture, specific gravity, bulk 

density, pore volume, and absorption of RCA are generally 

worse than those of NCA due to the presence of residual 

cement paste/mortar and impurities. The magnitude of the 

effects varies with the nature and quantity of reclaimed cement 

paste/mortar that is present in RCA. 

 

RCA tends to be very angular and rough due to the 

crushing of old concrete, and because of the presence of 

hardened cement paste/mortar adhered to the surfaces of 

original coarse aggregate. Typically, RCA particles contain 30 

to 60% old cement paste/mortar, depending on the aggregate 

size (ECCO 1999). A greater amount of old cement 

paste/mortar is attached to the smaller size fractions of coarse 

aggregate. RCA is similar to crushed rock in particle shape, 

but the type of crushing equipment influences the gradation 

and other characteristics of crushedconcrete. 

 

The specific gravity of RCA is usually lower than 

that of NCA The lower specific gravity of RCA is due to the 

presence of old cement paste/mortar on the aggregate particles 

that makes it less dense than NCA because of greater porosity 

and entrained air structure. The typical values of specific 

gravity of RCA range from 2.1 to 2.5 in the saturated surface- 

dry condition that are 5 to 10% lower than that of NCA. 

 

 
 

The mechanical properties of concrete depend on the 

mechanical properties of aggregate. it was found that the 

mechanical properties of RCA are inferior to those of NCA. 

The aggregate abrasion value (AAV) is a measure for the wear 

resistance  of aggregate. A higher AAV is obtained when the 

loss of material due to wear becomes greater. The AAV of 

RCA is usually higher than that of NCA. The typical Los 

Angeles abrasion values of RCA range from 20 to 45%, which 

are higher than those of NCA However, the AAV of RCA is 

generally below the acceptable maximum limit (50% by 

weight) for structural applications, irrespective of its origin. 

The aggregate impact value (AIV) is a strength value of an 

aggregate subjected to impact. AIV shows the resistance of 

aggregate to dynamic load. It has been found from the 

previous studies that the AIV of RCA (20 to 25%) is greater 

than that of NCA (15 to 20%) The attached mortar and cement 
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paste make RCA less strong, and therefore result in a greater 

AIV for RCA. RCA can influence the properties of fresh 

concrete due to their greater angularity, surface roughness, 

absorption, and porosity. The effects of RCA on  the key fresh 

properties of concrete. The greater angularity and surface 

roughness of RCA particles decrease the workability of 

concrete and make it more difficult to finish properly The 

degree of decrease in workability increases with the increased 

percentage of RCA in the concrete mix. Therefore, additional 

water is required for RCA concrete to obtain the same 

workability of NCA concrete. 

 

The effect of RCA on the hardened properties of 

concrete can be negligible or significant depending on its 

source, type, content, gradation, and physical properties. 

Generally, the hardened properties of RCA concrete decline 

with the replacement level of NCA by RCA. As a general 

principle, up to 30% (on weight basis) of NCA may be 

replaced by RCA without significantly affecting the hardened 

properties of concrete (ECCO 1999).The range of changes in 

the hardened properties of concrete due to RCA. The decline 

in the performance of RCA concrete is related to the water to 

cement ratio used in mix design. RCA concrete requires lower 

water to cement ratio and higher cement content as compared 

to the parent concrete of RCA to achieve a particular 

compressive strength. At a water to cement ratio of 0.29, the 

resistance of NCA concrete to freezing and thawing was 

extremely high but the same water to cement ratio failed to 

provide an acceptable freeze-thaw resistance for RCA 

concrete. 

 

The compressive strength of RCA concrete is usually 

lower than that of NCA concrete Most commonly, the 

compressive strength of RCA concrete is 5 to 10% lower than 

that of NCA concrete. But it can also be decreased up to 25% 

depending upon the quality of RCA. RCA concrete may have 

the similar and sometimes higher compressive strength than 

NCA concrete if the RCA is derived from a source of old 

concrete, which was originally produced with a lower water to 

cement ratio than the new concrete. RCA produced no effect 

on the compressive strength of concrete up to the replacement 

level of 30% by weight; but the compressive strength 

decreased for the RCA content more than 30%. the 

compressive strength of concrete was much lower when RCA 

was used in the oven dry state. In the case of high- 

performance concrete, 20 to 30% reduction in compressive 

strength was found due to the use of RCA. 

 

The flexural strength of RCA concrete is generally 

lower than that of NCA concrete. The flexural strength of 

RCA concrete is typically 0 to 10% lower than that of NCA. 

The 3-day flexural strength of RCA concrete was higher than 

that of NCA concrete; but the strength was lower at the age of 

28 days. In their study, the NCA concrete gained strength 

gradually and had a higher flexural strength than RCA 

concrete at later age. RCA did not produce any significant 

negative impact on the flexural strength of concrete. 

Nevertheless, the RCA concrete with adequate flexural 

strength can be produced for different applications, sometimes 

even with 100% replacement of NCA. 

 

Durability is the capacity of concrete to resist 

weathering action, chemical attack, abrasion, and other 

adverse service conditions. RCA concrete can be highly 

durable even when the RCA is produced from concrete with 

durability problems, provided that the mixture proportioning is 

done properly and good quality is maintained during 

construction. 

 

The properties of RCA concrete are influenced by 

several key factors such as water to cement ratio, RCA 

content, the type and size of RCA, the physical characteristics 

of RCA, the quality of the parent concrete of RCA, the 

moisture condition of RCA, curing condition, cement content, 

and air entrainment. The fresh and hardened properties of 

concrete are greatly influenced by the RCA content used as a 

partial or full replacement of NCA. The concrete produced 

with RCA had lower compressive strength and 

elastic modulus than NCA concrete. Also, higher RCA content 

increases water absorption but decreases density, thus  leading 

to increased porousness in concrete. The use of 50 to 100% 

coarse RCA increases the water absorption and decreases the 

density of concrete by about 0.15 to 0.37% and 2.12 to 3.40%, 

respectively. The compressive and tensile splitting strengths of 

concrete decreased whereas the resistance to chloride-ion 

penetration increased with an increase in fine RCA content. 

They also observed that the drying shrinkage of concrete 

increased with an increase in RCA content, but it can be 

controlled by using lower water to cement ratio. Limited 

investigations were conducted to observe the size effect of 

RCA on concrete properties. Three different aggregate sizes to 

assess the influence of RCA size on the properties of RCA 

concrete. The higher reduction in the modulus of elasticity 

was obtained for the concrete made with a smaller size of 

RCA. In contrast, they found that the strength increases with 

an increase in the maximum size of RCA. They also found 

that the water absorption of concrete decreases with an 

increase in the maximum size of RCA. This is due to the 

relatively low content of weaker mortar adhered to larger-

sized aggregates. Additional research is necessitated to 

investigate the size effect of RCA on concrete properties. 

 

The outer environmental curing conditions produce 

the more adverse effects on RCA concrete than on NCA 
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concrete. difference in the splitting tensile strength between 

NCA and RCA concretes is high when they are cured in the 

outer environment. 

 

Moreover, the depth of carbonation of water-cured 

RCA concrete is almost twice smaller than that of air-cured 

RCA concrete. The decrease in the depth of carbonation 

produced by water curing might be partially due to higher 

internal humidity of concrete. Further research is required to 

assessthe effect of different curing conditions on the 

performance of RCA concrete. Thermal treatment method to 

improve the quality of RCA, and they found that after thermal 

treatment at 8000C, the RCA was reasonably 

comparable to the conventionally used river-

dredged aggregates. The strength of concrete was affected by 

the unwashed RCA used in the concrete mix. However, the 

use of washed RCA negated the strength reduction. 

 

Adjustment of water to cement ratio for the concrete 

mix could improve the strength of RCA concrete. As stated 

earlier, recommended lower water to cement ratio and higher 

cement content for RCA concrete than those of the parent 

concrete of RCA to achieve identical compressive strength. 

Similarly, lowering the water to cement ratio to a certain level 

was highly beneficial for RCA concrete to develop the 

freezing and thawing resistance equal to that of NCA concrete. 

 

Application of Recycled Aggregates: 

 

 It helps to promote sustainable development in the 

protection of natural and reduces the disposal of 

demolition waste from old concrete. 

 Recycled concrete can be also used in the production 

of concrete for pavements, shoulders, median barriers, 

sidewalks, curbs and gutters, building and bridge 

foundation. 

 Growth in the use of recycled concrete for retaining 

wall backfill, port land cement concrete mix, 

landscaping rock, drainage aggregates, and erosion 

control is also happening. 

 

III. INFERENCE 

 

 RCA is useful as a substitute for NCA to produce 

concrete with acceptable properties and durability. 

However, the main problem of using RCA in new 

concrete is its inconsistent quality, particularly when it is 

obtained through demolition of old concrete structures. 

 RCA can be successfully used in new concrete by 

meeting the standard specifications for natural aggregate. 

However, new specifications and guidelines are needed 

for RCA. 

 The physical properties of RCA significantly influence 

the fresh and hardened properties of concrete. The 

aggregate abrasion, impact, and crushing values of RCA 

affect the strength properties of concrete. 

 The use of 100% RCA is possible to produce concrete 

with acceptable quality. The concrete produced with RCA 

has generally 80 to 90% of the strength of a comparable 

NCA concrete. 

 The reduction in the strength of RCA concrete is caused 

by the adverse physical properties of RCA and 

inadequately dense transition zone between RCA and 

bulk cement paste. 

 RCA can be used in high-quality concretes such as high-

strength, high-performance, and self-consolidating 

concretes by appropriate materials selection and mix 

design. 

 

REFERENCES 

 

[1] K. Slattery, Global developments in the aggregate 

industry: global aggregates information, Network 

(2016). 

[2] The Freedonia Group. Global Demands for Construction 

Aggregates to Exceed 48 Billion Metric Tons in 

20152012:1. 

[3] PMR Analysis. Global Market Study on Construction 

Aggregate. New York, USA,2016. 

[4] M. Marzouk, S. Azab, Environmental and economic 

impact assessment of construction and demolition waste 

disposal using system dynamics, Resour. Conserv. 

Recycl. 82 (2014) 41–49, 

https://doi.org/10.1016/j.resconrec.2013.10.015. 

[5] C.G. da Rocha, M.A. Sattler, A discussion on the reuse 

of building components in Brazil: an analysis of major 

social, economical and legal factors, Resour. Conserv. 

Recycl. 54 (2009) 104– 112,https://doi.org/10.1016/j. 

resconrec.2009.07.004. 

[6] Use of recycled concrete aggregate in concrete, Journal 

of Civil Engineering and Management 19(6):796-810 · 

December 2013 with  10,443 Reads 

DOI:10.3846/13923730.2013.799093 

[7] Use of Recycled Aggregate and Fly Ash in Concrete

 Pavement, International Journal of 

Engineering Research & Technology (IJERT) ISSN: 

2278-0181 Published by, www.ijert.org NCACE - 2016 

ConferenceProceedings 

[8] UEPG, European Aggregates Association – Annual 

Review (2015–2016), 2016. doi: 10.1016/0038-

092X(81)90058-X. 

[9] Specification for coarse and fine aggregates from natural 

sources for concrete (second revision), is: 383 – 1970 

(reaffirmed2002). 

https://doi.org/10.1016/j
https://doi.org/10.1016/j
https://doi.org/10.1016/j
http://www.ijert.org/


IJSART - Volume 6 Issue 5 – MAY 2020                                                                                           ISSN  [ONLINE]: 2395-1052 

 

Page | 696                                                                                                                                                                     www.ijsart.com 

 

[10] H. Yang, J. Xia, J.R. Thompson, R.J. Flower, Urban 

construction and demolition waste and landfill failure in 

Shenzhen, China, Waste Manage. 63 (2017) 393– 

396, https://doi.org/10.1016/j.wasman.2017.01.026. 

[11] Plain and reinforced concrete – code of practice (forth 

revision), is: 456 – 2000 (reaffirmed 2005)Methods of 

sampling and analysis of concrete, is: 1199 – 1959 

(reaffirmed2004) 

[12] IRC codes (Indian road congress) for pavementdesign. 

[13] X. Duran, H. Lenihan, B. O’Regan, A model for 

assessing the economic viability of construction and 

demolition waste recycling—the case of Ireland,Resour. 

Conserv. Recycl. 46 (2006) 302–320, 

https://doi.org/10.1016/j. resconrec.2005.08.003. 

[14] Methods of test for aggregates for concrete part iii 

specific gravity, density, voids, absorption and bulking, 

is: 2386(part iii) – 1963(reaffirmed 2002) 

[15] USE OF RECYCLED CONCRETE AGGREGATE IN 

CONCRETE: A REVIEW,. Journal of Civil Engineering 

and Management 19(6):796-810 · December2013. 

[16] Abbas, A.; Fathifazl, G.; Isgor, O.B.; Razaqpur, A.G.; 

Fournier, B.; Foo, S. 2009. Durability of recycled 

aggregate  concrete  designed  with  equivalent  mortar  

volume  method, Cement and Concrete Composites 

31(8): 555−563. 

[17] ACI 555R–01 Removal and reuse of hardened Concrete. 

ACI Manual of Concrete Practice, Part 6, American 

Concrete Institute, Farmington Hills, Michigan, USA, 

2001. 26p. 

[18] ACPA. 2009. Properties of concrete containing RCA 

[Cited on 2 May 2011]. Available from internet: 

<http://www.pavement.com/Downloads/TS/EB043P/TS

043.5P.pdf>. 

[19] [20 For Peer Review Only18 Ajdukiewicz, A.; 

Kliszczewicz, A. 2002. Influence of recycled aggregates 

on mechanical properties of HS/HPC, Cement and 

Concrete Composites 24(2): 269−279. 

[20] Ann, K.Y.; Moon, H.Y.; Kim, Y.B.; Ryou, J. 2008. 

Durability of recycled aggregate concrete using 

pozzolanic materials, Waste Management 

28(6):993−999. 

[21] ASTM C 33–04 Standard specification for concrete 

aggregates. Annual Book of ASTM Standards, Vol. 

04.02, American Socity  for  Testing Materials. 

Philadelphia, USA,2004. 

[22] Animesh Awasthi, Gourav Soni, Ram Bharosh, “Study 

of Recycled Aggregate Concrete Containing Silica Fume 

as Partial Replacement for Cement”, Volume 4,Issue 2, 

pp. 239-245,2018 

[23] Anurag Gautam, Kirti Chandraul, Manindra K Singh, 

“Experiment study on quarry dust filler concrete”, 

volume 4, issue 6, pp. 2388-2391, June- 2017 

[24] A Review Paper on use of Recycled 

Aggregates in Concrete, International Journal of 

Engineering Research & Technology (IJERT) ISSN: 

2278-0181 Published by, www.ijert.org RTCEC - 2018 

ConferenceProceedings. 

[25] Recycled Aggregate in Pavement Construction: Review 

of Literatures, International Conference on Engineering 

for Sustainable World 1378 (2019) 022026 

doi:10.1088/1742- 6596/1378/2/022026. 

[26] Dhir, R.K.; Limbachiya, M.C.; Leelawat, T. 1999. 

Suitability of recycled aggregate for use in BS 5328 

designated mixes, in Proceedings of the Institution of 

Civil Engineers: Structures and Buildings, London, 

1999,257–274. 

 

https://doi.org/10.1016/j
http://www.pavement.com/Downloads/TS/EB043
http://www.pavement.com/Downloads/TS/EB043
http://www.ijert.org/

