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Abstract - This research evaluates the use of recycled
coarse aggregates (RCA) as a partial replacement for
natural coarse aggregates in M20 grade concrete,
focusing on compressive strength performance at 7 and
28 days. Concrete mixes were prepared with 0%, 25%,
and 50% RCA replacement, and results showed a
gradual decrease in strength with increasing RCA
content due to higher porosity and weaker bonding
caused by adhered mortar. However, concrete with 25%
replacement  exhibited strength comparable to
conventional concrete, while 50% replacement showed
acceptable performance for structural use. The findings
indicate that RCA can be effectively utilized up to 50%
replacement without significant loss in compressive
strength, supporting sustainable construction practices.
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1.INTRODUCTION

The  construction  industry  faces  significant
environmental challenges due to the depletion of natural
aggregates and the growing volume of construction and
demolition waste, which often ends up in landfills.
Recycled coarse aggregates (RCA), derived from
crushed demolished concrete, offer a sustainable
alternative by reducing the demand for virgin materials
and promoting resource circularity. While previous
studies have explored RCA in concrete mixes, results
show varying compressive strength performance
particularly in M20 grade concrete due to factors like
adhered mortar increasing porosity and weakening
interfacial bonding. This study investigates RCA
replacement at 0%, 25%, and 50% levels, focusing on 7-
and 28-day compressive strength to determine viable
limits for structural applications, bridging gaps in
standardized M20 mix data and advancing eco-friendly

construction practices.

2. Methodology

M?20 grade concrete cube specimens measuring 150
mm % 150 mm X 150 mm were cast to evaluate strength
characteristics across different mixes. Six sets of
specimens were prepared, incorporating recycled coarse
aggregate (RCA) as partial replacement for natural
coarse aggregate at 0%, 25%, and 50% levels by weight,
with three cubes per mix per curing age.

2.1 Mixing and Workability

All materials were thoroughly blended to achieve a
homogeneous, workable concrete mix following IS
10262 guidelines (w/c = 0.50). Fresh concrete
workability was evaluated prior to casting using standard
tests: slump test per IS 1199 to measure consistency, and
compacting factor test per BS 1881 Part 103 (1983)
using the

compacting factor apparatus for self-

compaction assessment.

2.2 Mix Design for M20 Grade Concrete (IS 10262 &
IS 456)

Concrete cubes (150 mm % 150 mm % 150 mm) were
prepared for compressive strength evaluation. Mix
design followed IS 10262 guidelines with a target water-
cement ratio of 0.50 and nominal proportion of 1:1.5:3.
Recycled coarse aggregate (RCA) replaced natural
coarse aggregate (NCA) by weight at 25% and 50%
levels. All material quantities were accurately weighed
prior to batching to ensure consistency.

Table -1: Mix Proportions per Cube (150 mm)

MlX.  Cement FA NC RC Total
Designatio (kg) (kg) A A CA
n (kg) (kg) (kg
Normal

1. 24 4. . 4.
(0% RCA) 38 9 60  0.00 60
25% RCA  1.38 249 345 1.15 4.60
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MIX.  Cement FA NC RC Total
Designatio (kg) (kg) A A CA
n (kg) (kg) (kg)
50% RCA  1.38 249 230 230 4.60

2.3 Casting and Curing

Fresh concrete was filled into steel moulds in three
equal layers. Each layer received 35-55 strokes of
tamping rod compaction to eliminate voids and ensure
dense packing. Molds remained undisturbed for 24 hours
at ambient conditions. Cubes were then demoulded
carefully and immersed in a clean water curing tank
maintained at 27+2°C for 7 and 28 days to achieve
optimal hydration and strength development.

2.4 Testing Protocol

Compressive strength tests followed IS 516 protocols
using a calibrated compression testing machine at 140
kg/cm?/min loading rate. Workability results guided mix
adjustments, confirming all mixes remained practical for
structural placement despite RCA's higher absorption.

Fig -1: Materials for Concrete
2.4 Results

Compressive strength tests on 150 mm cubes showed
that concrete strength gradually decreased as the
percentage of recycled coarse aggregate (RCA)
increased. This reduction occurs because the adhered
mortar on RCA surfaces creates weaker bonding with
the cement paste in the interfacial transition zone,
leading to higher porosity and reduced overall structural
integrity compared to conventional natural aggregate
concrete.

Table -2: Compressive Strength Results (N/mm?)

mpressi
* wrea U oo
(N/mm?)
1 0 7 16.2
2 25 7 15.4
3 50 7 14.1
4 0 28 224
5 25 28 21.2
6 50 28 19.6

Chart -1: Compressive Strength Results (N/mm?)

HO0 m25% m50%

22.4

21.2

19.6

COMPRESSIVE STRENGTH (MPA)

3. CONCLUSIONS

The experimental investigation demonstrates that

recycled coarse aggregates (RCA) can be effectively
incorporated into M20 grade structural concrete up to

50% replacement of natural coarse aggregates without

compromising the minimum characteristic strength

requirement (>20 N/mm? at 28 days). Key findings
include:

e 25% RCA replacement vyields compressive
strengths (15.4 N/mm? at 7 days, 21.2 N/mm? at 28
days) nearly identical to conventional concrete
(16.2 & 22.4 N/mm?), making it ideal for primary
structural applications.

e 50% RCA replacement shows acceptable
performance (14.1 & 19.6 N/mm?) suitable for
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secondary/low-load elements, with only 12%

strength reduction attributable to adhered mortar

effects.
These results validate RCA's practical viability for
sustainable construction, reducing natural aggregate
consumption and construction-demolition waste while
maintaining structural integrity. Optimal
recommendation: 25% RCA replacement for balanced
performance and sustainability benefits.

ACKNOWLEDGEMENT

The authors express sincere gratitude to Mr. Sagar Naik
and Mr. Suresh Bhalgamiya, Assistant Professors at
Civil Engineering Department, Bhagwan Mahavir
University, Surat, for their invaluable guidance and
constant encouragement throughout this research work.
Special thanks to Dr. Deepti Patel, Head of Department,
for her support and permission to utilize laboratory
facilities.

We also acknowledge the technical assistance provided
by the Civil Engineering Materials Testing Laboratory at
Vidhyadeep Institute of Engineering and Technology,
Anita Kim, Surat, for conducting the experimental tests.
Finally, we are grateful to our family and friends for
their unwavering moral support during the completion of
this study.

REFERENCES

1. Vinay Kumar, Er Rohit Kumar, Dr Gurvinder
Singh: Utilization of Recycled Coarse Aggregates
(RCA) for Development of Concrete: Review.
International Journal of Creative Research Thoughts
(IJCRT), Volume 12, Issue 3, March 2024, ISSN:
2320-2882

2. Marek Weglorz, Andrzej Ajdukiewicz, and Alina
Kliszczewicz: Assessment of recycled concrete
aggregate properties required for structural concretes.
MATEC Web of Conferences 262, 06010 (2019),
KRYNICA 2018. DOLI:
10.1051/matecconf/201926206010

3. PAVAN P S, BABITHA RANI H, DEEPIKA
GIRISH, RAGHAVENDRA K M, VINOD P N,
DUSHYANTH.V. BABU.R, SHAIK NUMANI: A
STUDY ON RECYCLED CONCRETE
AGGREGATES. International Journal of Pure and
Applied Mathematics, Volume 118, No. 18, 2018,
3239-3263, ISSN: 1311-8080

4. Hardik Gandhi, Dr.Dharshana Bhatt, Chetnaben
Vyas: Study on Use of Recycled Coarse Aggregate

In Concrete. National Conference on Recent Trends
in Engineering & Technology, 13-14 May 2011,
B.V.M. Engineering College, V.V.Nagar, Gujarat,
India

. Anurag Rakunde, Aastha Tidke, Dnyanesh Dhole,

Harshad Rewatkar, Prachi Jadhao, Sahil Bagde,
Yash Parteki: Use of Recycled Aggregates in Green
Concrete. [International Journal of Advances in
Engineering and Management (IJAEM), Volume 4,
Issue 5, May 2022, pp: 424-427, ISSN: 2395-5252.
DOI: 10.35629/5252-0405424427

. Mr. Tushar R Sonawane, Prof. Dr. Sunil S.

Pimplikar: Use of Recycled Aggregate Concrete.
1OSR Journal of Mechanical and Civil Engineering
(IOSR-JMCE), ISSN: 2278-1684, PP: 52-59

© 2026, IJSREM | https://ijsrem.com

| Page 3


https://ijsrem.com/

