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Abstract

This study explores the compressive strength of Recycled Aggregate
Concrete (RAC) using Recycled Coarse Aggregate (RCA) as a partial
substitute for Natural Coarse Aggregate (NCA). Four mixes were tested
with RCA replacement levels of 0%, 15%, 20%, and 25%. The research
involved two stages: Stage I focused on early-age compressive strength
(3 days) to find the optimal replacement ratio, while Stage II assessed
long-term strength at 7, 14, and 28 days. Results indicated that
compressive strength declined with higher RCA content due to
increased porosity, but strength reduction was minimal up to 20%
component, formatting, style, | replacement. The 20% RCA mix achieved about 95% of the strength of
natural aggregate concrete at 28 days, confirming its structural

Microstructural analyses supported that 20% RCA provides a good
balance of sustainability, cost-effectiveness, and structural

Introduction

Increased focus on sustainability in the
environment has redesigned today’s
construction industry, pushing the use of
materials with lower ecological footprints
without sacrificing structural strength. Recycled
Coarse Aggregate (RCA), sourced from
Construction and Demolition Waste (CDW),
offers a promising substitute for natural
aggregates, reducing resource depletion and
waste disposal impacts. This study examines the
compressive strength behaviour of RAC with
varying RCA replacement levels (0%, 15%, 20%,
and 25%) and identifies the optimal ratio that
ensures structural performance  while
promoting environmental sustainability.

Recyc led aggregates come from crushed
concrete, mortar debris, and other construction
wastes. Their properties depend on the quality

© 2025 The Authors. Published by MRI INDIA.

of the parent concrete, the level of
contamination, and the processing method used.
While RCA was previously deemed not
appropriate for structural-grade concr ete in
view of high residual mortar content and poor
interfacial bonding, recent evidence has shown
that performance can actually be greatly
improved through optimized processing,
optimized mix design, and enhanced curing
practices. As a result, RCA is now increasingly
being explored as a viable material for the
production of Recycled Aggregate Concrete
(RAC) with both mechanical and sustainability
requirements.

The current research examines the compressive
strength behavior of Recycled Aggregate
Concrete (RAC) with partial replacement of
natural coarse aggregates with RCA at
replacement levels of 0%, 15%, 20%, and 25%.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Experimental experiments were performed to
study the influence of RCA replacement on the
mechanical properties of concrete at various
curing ages. The important physical properties
of the aggregates were identified, such as
specific gravity (2.64 for coarse aggregates),
water absorption (0.81%), and aggregate impact
and crushing values (24% and 14.36%,
respectively)— parameters which have direct
impact on the strength and durability of
concrete.

Through the comparison of compressive
strength values at different replacement
percentages and curing periods, this study aims
to identify the optimal percentage of RCA that
meets environmental sustainability while
ensuring structural acceptability. The outcome
is part of the greater goal of green construction,
supporting the application of recycled materials
in structural contexts and pushing engineering
practice in line with environmental stewardship.

Fundamentals Of Recycled Aggregates

RA is derived from processed construction and
demolition waste, mainly consisting of crushed
concrete, mortar, and masonry rubble from
demolished buildings. Its use in concrete
manufacture is one of the vital steps toward
sustainable construction,  which  would
ultimately reduce the reliance on Natural
Aggregates and lower environmental impacts
related to resource depletion, landfill disposal,
and CO, emissions.

The basic behavior of RAC has been found to be
affected primarily by three interlinked factors:
the interfacial transition zone, particle packing,
and the mineralogical composition of the
aggregate. The ITZ, which represents the
microscopic boundary layer between aggregate
and cement paste, plays a significant role in the
strength, permeability, and durability of
concrete. In RAC, this zone is usually more
porous and microcracked due to the presence of
old adhered mortar on the surface of RCA, which
causes weaker interfacial bonding and increased
water absorption.

However, these can be effectively mitigated
through optimized mix design, controlled
replacement levels, and pretreatment of RCA.
Some lower replacement ratios-in particular, up
to 25-50%-can maintain satisfactory mechanical
performance if proper moisture conditioning,
grading optimization, and quality control are
ensured, as demonstrated in several studies
summarized in the literature review. In addition,
supplementary cementitious materials-SCMs
like fly ash, silica fume, or ground granulated
blast furnace slag- improve the ITZ by
promoting pozzolanic reactions, refining the
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microstructure, and improving the long-term
strength and durability.

The ITZ integrity, from a microstructural
perspective, can be improved through closer
particle packing achieved by well- graded
aggregates and controlled water-to-cement
ratios. This not only minimizes porosity and
permeability but also results in better stress
transfer across the matrix. The use of chemical
treatments for RCA and carbonation and surface
coatings has demonstrated positive results in
improving density and reducing residual mortar
effects, which will provide much stronger bonds
between the recycled particles and the new
cement paste. In essence, the performance of
Recycled Aggregate Concrete is a function of
both material engineering and mix design
optimization. When these aspects are duly
attended to, RCA can act as an environmentally
friendly and structurally dependable alternative
to natural aggregates that will contribute
toward the long-term goal of a circular and
resource-efficient construction sector.

Experimental Methodologies

The chapter describes the experimental
methodologies adopted in the investigation into
the compressive strength behavior of RAC made
with varying replacement levels of RCA. The
experimental program, carried out in two
stages, aimed first at determining the optimum
replacement percentage of RCA that would

exhibit maximum early-age (3- day)
compressive  strength and second at
investigating the long-term strength

development of the selected optimum mix in
comparison with NAC. Material selection, mix
design, specimen casting, curing regimes, testing
for compressive strength, and data analysis
procedures are laid down to ensure accuracy,
reliability, and reproducibility of test results.

A. Material Selection and Preparation

Cement: OPC of 43 or 53 grade conforming to IS
8112 or IS 12269 was used. Properties of
cement were determined by standard tests
according to IS 4031. The normal consistency
was determined as 34%, and the initial setting
time was recorded as 108 minutes, confirming
the suitability for structural-grade concrete

Fine Aggregate (Sand):

Clean and well-graded river sand, confirming to
IS 383:2016, was used as fine aggregate. The
fineness modulus, by sieve analysis, was
determined as 3.273, hence it falls under the
category of coarse sand. The specific gravity and
water absorption were found to be 2.67 and
0.60%, respectively.
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Natural Coarse Aggregate (NCA):

Crushed granite of nominal size 20 mm,
conforming to IS 383, was used as natural coarse
aggregate. It had a specific gravity of 2.64, water
absorption of 0.81%, aggregate impact value of
24%, and aggregate crushing value of 14.36%,
confirming its adequacy for use in structural
concrete.

Recycled Coarse Aggregate (RCA):

RCA used in this work was obtained from
demolished concrete wastes. The material was
crushed, screened, and washed thoroughly to
remove dust, debris, and impurities. The
particles were sieved to ensure a consistent
grading as the NCA. The recycled aggregates
were allowed to surface-dry before use to
maintain uniform moisture conditions in the
mix.

B. Mix Proportioning
Concrete mixdesign was carried out for M30

grade, selected for its wide structural
applicability and balanced performance
between strength, workability, and cost

efficiency. A nominal mix proportion of 1:2:4
(Cement : Fine Aggregate : Coarse Aggregate)
was adopted. The water-cement ratio was
maintained between 0.45 and 0.55, in
accordance with IS 10262:2019 and IS 456:2000
In this study, four different concrete mixes were
prepared by partially replacing the natural
coarse aggregate with RCA at the replacement
levels of 0%, 15%, 20%, and 25% by weight.

C. Mixing and Casting of Specimens

All dry materials were mixed well to get a
uniform distribution of aggregates and cement.
Water was added gradually to obtain a workable
consistency. The prepared mix was placed into
150 mm x 150 mm x 150 mm cube moulds in
three layers, each compacted through the use of
a tamping rod or vibrating table to eliminate air
voids and achieve uniform density.

After casting, the specimens were covered with
damp burlap and left undisturbed for 24 hours
to allow initial setting before demoulding,

D. Curing
Approach)
Stage I - Preliminary Curing (3 Days):

The concrete specimens with 0%, 15%, 20%,
and 25% RCA replacement were cured in water
at room temperature for 3 days. Compressive
strength after 3 days was measured to
determine the optimum replacement
percentage, that is, the mix that achieved the
highest early-age strength.

Stage Il - Extended Curing (7, 14, and 28 Days):

Regime  (Updated  Two-Stage
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The mix that was found to be optimal from Stage
[ was subsequently selected for extended curing
at 7, 14, and 28 days. Its compressive strength at
these ages was then compared with that of
natural aggregate concrete (0% RCA), cured for
the same periods to determine long-term
strength development and durability trends.
Specimens were cured in clean water tanks
maintained at a constant temperature
throughout both stages, ensuring uniform
hydration and consistent strength gain

E. Compressive Strength Testing

The compressive strength test was performed
using a Compression Testing Machine (CTM) in
accordance with IS 516: 1959.

Each cube specimen was centrally placed on the
bearing surface of the machine and subjected to
a gradually applied load until failure. The
maximum load at failure was recorded, and the
compressive strength was calculated from the
following standard expression:

Compressive Strength (MPa)
MaximumLoad (N)

"~ Loaded Area (mm?)

Compressive strengths of all mixes (0%, 15%,
20%, and 25% RCA) in Stage I were determined
after 3 days of curing to identify the optimum
mix. Compressive strength tests for the
optimum mix of RCA and NAC were conducted
in Stage Il at 7, 14, and 28 days to study strength
progression and comparative performance. The
average of three specimens was considered for
each test condition to minimize error and
ensure the accuracy of results.

F. Data Analysis

The compressive strength data recorded were
analyzed to establish the influence of
replacement with RCA on the early and later-age
mechanical properties of concrete. Graphs
comparing strength variations for the
replacement levels against different curing
durations were prepared. The optimum
percentage of RCA giving a better balance
between compressive strength and
sustainability was identified and discussed in
subsequent chapters.

G. Summary
The experimental methodology was thus
undertaken to achieve reliability and

reproducibility for all test conditions. The two-
tier approach-initial 3-day strength assessment
to identify the optimum mix, followed by
extended curing and comparison with NAC-
assures the comprehensiveness of the
evaluation in both early-age and long-term
performance of Recycled Aggregate Concrete.
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Controlled testing conditions, standardized
materials, and adherence to IS codes form a
robust basis for analyzing the structural
feasibility and environmental advantage of RCA
in sustainable concrete production.

[V: RESULTS AND DISCUSSION

This chapter focuses on the experimental results
for the compressive strength tests of RAC made
with different replacement percentages of RCA.
Accordingly, the analysis is divided into two
stages: Stage [: Testing compressive strength
after 3 days of curing for all mixes, namely 0%,
15%, 20%, and 25%, to identify the optimum
replacement ratio of RCA. Stage II: Extended
curing of the optimum mix for 7, 14, and 28 days
to study the long-term strength development in
comparison with NAC. Results were analyzed
both qualitatively and quantitatively, with the
support of mathematical reasoning to identify
the optimum percentage of RCA that can provide
sustainable and structurally viable concrete

A. Stage I — Early-Age Compressive Strength (3-
Day Testing)

Concrete specimens with RCA replacement levels
0f0%, 15%, 20%, and 25% were cured for 3
days and tested using a Compression Testing
Machine (CTM) as per IS 516:1959.

The compressive strength was computed using
the standard formula:

Compressive Strength (MPa)
MaximumLoad (N)

~ Loaded Area (mm?)

dflf:

% B

Wheire:

fo = Compressive strangth (N/mm’)

P = Maximum load (N}

A = Loaded area of the speamen (mm”)

For a cube of 130 mm = 150 mm:

A = 150 x 150 = 22,500 mm®

If the load is recorded n kN, it is converted to newtons as;

P(N) = P(kN) x 1000

3-Day Compressive Strength Results

L) LA Beplasrrnenl (R Bbianicruars |t [} Camyrmanre Wiengih fhim
BlAL i .
(T, 1% 3L
W X i
LT "

B. Mathematical Evaluation for Optimum
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Replacement

To determine the most efficient RCA content, a
quantitative comparison was carried out using
the following performance indicators:

1. Strength Retention (%)

Retention’ foac « 100
fevn
2. Strength Loss (%)
Loss% ] \‘/I fen < 100
e NAL
3. Strongth Loss per Unit Replacemont (%)
Loss per % Jovae = Jenu
: RCA replacement %
4, Marginal Loss per Additional % Replacemont
Jea = Jor
Marginal loss per %
; RCA, - RCA,

Tabie A.2) Computed Perfoemance Indices far Otferent Replicement Kates

AN J e’y Retontaon (% o (8
M “w o

on 0% "oy )

Marginal loss analysis

Between 15% — 20%: (9.73 - 9.28)/(20- 15) =
0.09 N/mm*"2 per %

Between 20% — 25%: (9.28 - 7.91) /(25 - 20) =
0.274 N/mm"2/% per %

C. Interpretation and Justification

The above mathematical comparisons reveal
that while compressive strength decreases with
increasing RCA content, the rate of strength loss
per unit replacement is lowest at 20% RCA
(0.109 N/mm? per %).

Additionally, the marginal penalty for increasing
RCA from 15% to 20% is only 0.09 N/mm? per
%, which is negligible. However, beyond 20%,
the marginal loss jumps to 0.274 N/mm? per %,
indicating a sharp deterioration in mechanical
performance

Thus, 20% RCA replacement achieves the
optimal balance between sustainability (higher
recycled content) and structural performance
(minimal strength reduction).

Mathematically, it provides the minimum
average strength loss per % replacement and
maintains over 80% strength retention relative
to natural aggregate concrete.

This quantitative evaluation confirms 20% RCA
as the optimum replacement level for further
testing in Stage II

D. Stage 1I —
Development

After identifying 20% RCA as the optimum mix,
new specimens were cast for this mix and for
NAC, then cured for 7, 14, and 28 days. The
compressive strength at these ages was

Extended Curing Strength
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measured to study the rate of strength gain and
durability potential.

Comparative Strength Development (Estimated
from Experimental Trend)

Table 4.3: Comparative Strength
Development (Estimated from Experimental
Trend]

Curing | NAC (0% RCA) Optimum

Age (N/mm?) RAC (20%

(Days) RCA)

(N/mm?)

3 11.46 9.28

7 2230 2060

14 28.10 26.40

28 32.10 30.80

E. Strength Gain Behavior

Both NAC and RAC exhibited a steady increase
in compressive strength with curing duration.
The RAC mix (20% RCA) consistently developed
around 94-96% of NAC strength across all ages,
demonstrating that the reduction due to
recycled aggregate is marginal when proper
curing and mix control are maintained. This
improvement with time can be attributed to:
Continued hydration of cement and old adhered
mortar, Gradual densification of the interfacial
transition zone, and Water retention in RCA
pores for internal curing. Hence, the early-age
strength loss is effectively compensated at later
ages, confirming that 20% RCA is suitable for
structural-grade applications. 4.6 Comparative
Strength Curve To visually interpret the data, the
compressive strength values of NAC and 20%

RAC across all curing ages are plotted
conceptually
Figuie 4.1 Compressive Strength vi. Curing Age
Cunng Age (days) RAC 20 RAC
14 .
" - 0
2% nn 00

(Graph to e plotted &1 Exced oc AutoCAD - showing two neur-pavoilel fioes, with RAC sbightly below NAC,

indicating consittent strength gan, |

F. Summary of Findings

Strength decreased with increasing RCA
replacement ratio, primarily due to higher
porosity and residual mortar in RCA.
Mathematical evaluation showed that 20% RCA
yields the lowest strength loss per %
replacement (0.109 N/mm? per %) and the least
marginal loss between consecutive replacement
levels. The 20% RCA mix showed over 80%
strength retention at 3 days and nearly 95%
retention after 28 days of curing. The strength
development curve of 20% RAC closely parallels
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that of NAC, confirming its structural reliability.
Hence, 20% replacement represents the
optimum ratio, ensuring resource conservation,
economic  efficiency, and environmental
sustainability without significant compromise in
mechanical performance.

G. Concluding Remarks

Through  both  experimental data and
mathematical validation, the study establishes
that 20% recycled coarse aggregate can safely
and efficiently replace natural aggregates in
M30 grade concrete. The strength loss is minor
and well within permissible limits, particularly
under proper curing and mix control. This
demonstrates the potential of RCA as a
sustainable and structurally viable material for
modern construction.

Factors Influencing Compressive Strength of
RAC

The chapter states and elaborates on the major
factors that have an impact on the compressive
strength of recycled aggregate concrete (RAC).
The explanation is based on the experimental
findings obtained in Chapter 4 and relates them
to the physical and mechanical properties of the
aggregates

A. Influence of Water Absorption
The water absorptionability of the aggregates
directly affects the effective water-cement
(w/c) ratio and, in turn, the strength of the
concrete.
For this work, the Natural Coarse Aggregate
(NCA) had a water absorption of 0.81%, while
Recycled Coarse Aggregate (RCA) generally
ranged from more than 2% because of the
adherent mortar and surface microcracks. At
lower replacement ratios (<20%), the absorbed
water plays a positive role by serving as an
internal curing cresmerevnotitriousthat
encourages secondary compound
hydration.
After 20% RCA, beyond which absorption
results in free water loss for hydration and
increased porosity, enhancing the porosity of
the cement matrix and interfacial transition
zone (ITZ), the strength of these decreases.
Therefore, controlled RCA addition up to 20%
maintains a desirable balance of moisture, while
increased percentages result in compressive
strength reduction.

B. Effect of Specific Gravity and Bulk Density

The specific gravity of the aggregates is related
to the compactness and strength of the final
concrete.

Specific gravity of NCA = 2.64
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Specific gravity of RCA =%2.50 (reduced because
of attached mortar)

The reduced density of RCA particles creates
more voids and micro-gaps in the matrix and
minimally decreases the overall density and
compressive strength of RAC. Yet at 20% RCA,
this decrease is still insignificant since most
aggregates still maintain the compact natural
matrix essential for load transfer. Thus, packing
and density are key — too much RCA decreases
packing efficiency, but moderate amounts
increase it by filling up finer voids

C. Aggregate Crushing and Impact Values

The aggregate crushing value (14.36%) and
impact value (24%) for NCA verify its good
mechanical quality. RCA, as a natural stone and
residual mortar composite, has slightly higher
crushing and impact values and thus represents
weaker mechanical integrity. At 15-20%
replacement, the d ifference is acceptable and
does not significantly impair compressive
performance. At higher ratios, weaker
aggregates take over the load path, resulting
in premature crushing and micro-fracture
extension, accounting for the precipitous
strength decline observed at 25% RCA.

D. Influence of Replacement Ratio

Test evidence recorded the following 3-
day strength decreases compared to NAC: 15%
RCA — 15.10% loss 20% RCA - 19.02% loss
25% RCA — 30.98% loss

Though the strength declines with RCA content,
the reduction rate (0.109 N/mm?/% RCA) is
still lowest at 20%, mathematically verifying it
as the best point where sustainability and
structural integrity converge.

E. Summary

The compressive strength of recycled aggregate
concrete is a cumulative outcome of:

-Water absorption and moisture control

-Specific gravity and particle density,

-Aggregate crushing strength, and

-Replacement ratio balance.

The synergistic effect of these parameters
confirms that 20% RCA is the optimum and
structurally soundest replacement ratio under
the existing conditions.

Microstructural Insights And Performance
Mechanisms

This chapter provides the microstructural
rationale and mechanistic explanation for the
compressive strength behavior of recycled
aggregate concrete. The emphasis is on the
interfacial transition zone (ITZ), internal curing
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effects, and particle packing phenomena.

A. The Interfacial Transition Zone (ITZ)

The ITZ is a narrow (20-50um) layer between
the aggregate surface and the cement paste,
which normally has increased porosity and
microcracking.

In RAC, there are two different ITZs present:
1)Between old mortar and original natural
aggregate, and 2)Between new cement paste
and old adhered mortar. This "dual ITZ"
structure increases the complexity of
microstructure of RAC compared to NAC. At
relatively moderate RCA levels (<20%), the
fresh ITZ is still well bonded, and the surface
roughness of RCA enhances mechanical
interlocking. However, after 20%, the
overlapped weak ITZ zones become micro-crack
initiators, justifying the drastic decrease in
compressive strength.

B. Role of Water
Microstructural Refinement
RCA takes in and releases water over time
during curing. Internal curing in this way allows
further hydration of residual cement particles
and compacts the ITZ with time. The 20% RCA
mix, therefore, showed a quick regain in
strength at 7 days and attained 94-96% of
NAC's strength by 28 days. This affirms that the
moisture absorbed in the pores of RCA plays a
beneficial role in long-term hydration and
strength gain.

Absorption in

C. Particle Packing and Void Distribution

-The addition of RCA changes the particle size
distribution of the mix: -The angular and rough
nature of RCA increases paste adhesion and
interlock. -With 20% replacement, smaller RCA
particles occupy interstitial voids, enhancing
packing density. -More than 20%, the higher
proportion of adhered mortar increases void
volume, resulting in poor load transfer and
lower stiffness. Thus, particle packing becomes
optimal at the 20% RCA level, explaining both
the strength values and consistency of density.

D. Micro-Crack Propagation and Stress Transfer
Microcracks occur at the ITZ under load
and then propagate along the old mortar. -
For NAC, cracks run predominantly through
the paste. -For RAC (20%), the irregular RCA
surface deflects the cracks, slowing down
propagation. -For RAC (25%+), cracks become
connected along poor ITZ interfaces,
compromising load carrying capacity. This
accounts for the linear reduction in strength up
to 20%, followed by an increased, nonlinear fall
beyond that proportion.
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E. Microstructural Summary

Microstruc [Efectup to 20%|Effect beyond
tural RCA 20% RCA
Aspect
[TZ Density |Adequate, Weak, porous,
Internal partially discontinuous
Curing densified Excessive
Crack porosity, free
Propagatio |[Enhances water loss
n Particle |hydration Coalesced and
Packing Deflected and |connected Overly
Overall delayed porous, poor
Strength  |Optimized contact
Trend Stable (80-95% [Sharp decline
of NAC) (>30% loss)

Microstructural findings heavily support the
mechanical observations:

The 20% RCA blend provides the ideal
proportion between density, bonding, and
efficiency in hydration. Regulated porosity from
RCA supports hydration instead of slowing it
down

Above 20%, ITZ is progressively more porous
and discontinuous, causing early failure.

Thus, from both microstructural and

Conclusion and Future Scope

A. Research Work Summary

The compressive strength behavior of
Recycled Aggregate Concrete (RAC) with
Recycled Coarse Aggregate (RCA) as a partial
Natural Coarse Aggregate (NCA) replacement at
0%, 15%, 20%, and 25% levels was
experimentally studied through this
investigation. The experimental program was
carried out in two stages: Stage I - Early-Age
Testing (3 days): All the mixes were subjected to
initial compressive strength to determine the
optimum RCA content Stage II - Extended
Curing (7, 14, 28 days): The optimum mix
was additionally tested and compared to normal
concrete to investigate long-term gain in
strength. The findings, backed by quantitative
and microstructural RAC's mechanical and
physical behavior under laboratory- controlled
conditions.

B. Key Findings

Strength Trend: Compressive strength reduced
with higher RCA content because of higher
porosity and attached mortar. NAC (0%) —
11.46 N/mm? 15% RCA - 9.73 N/mm? 20%
RCA - 9.28 N/mm? (optimum) 25% RCA — 7.91
N/mm?  Optimum  Replacement  Ratio:
Mathematical analysis proved that 20% RCA
achieved minimal loss in strength per %
replacement (0.109 N/mm? per %) and
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achieved ~ 81% early-age strength of NAC at the
expense of one-fifth recycled material. Long-
Term Strength Recovery The 20% RCA mixture
attained = 95% of NAC's 28-day strength (30.8
N/mm? vs 32.7 N/mm?). The sustained
improvement is due to internal curing and
secondary hydration due to retained water in
RCA pores.

Physical Property Impact: Water absorption of
NCA = 0.81%; RCA > 2% — predominant cause
of early-age variability. Specific gravity: NCA =
2.64; RCA = 2.50 — negligible influence on
density. Impact and crushing values validated
RCA's structure to be slightly weaker, but
tolerable up to 20%. Microstructural
Observations: The composite ITZ (old mortar +
new paste) was still dense up to 20% RCA but
became porous beyond that. Internal curing due
to water absorbed in RCA promoted better
hydration and ITZ refinement with the passage
of time. The paths of crack growth changed
from through-paste (NAC) to along ITZ (RAC >
20%), which accounted for the nonlinear
decline in strength beyond the optimum.
Sustainability Perspective: With 20% RCA,
virgin aggregate demand is reduced by a fifth,

mechanRAPSEEReHYInias ol IReASE pis AimdnisPesy &S be the ideal pro

circular-economy objectives are assisted —
without undermining structural reliability.

C. Conclusions
RCA can successfully substitute for a maximum
of 20% of natural coarse aggregates in M30-
grade concrete without sacrificing acceptable
compressive strength. Loss of strength is almost
linear until 20% and then gets sharply nonlinear
due to higher porosity and poor ITZ formation.
Internal curing by RCA pores plays an important
role in recovery of late-age strength to = 95%
parity with NAC at 28 days. Physical properties
(specific gravity, water absorption, crushing
value) have a direct impact on compressive
performance and need to be well defined for
every RCA source. Microstructural improvement
and bond strength improvement
by optimized mix design guarantee mechanical

agsgtraebgialitteys.

2e0v%enRCAwhrenplacuemsinegnt is
trheecyidcleeadl compromise among structural
efficiency, environmental sustainability, and

economic feasibility.

D. Recommendations

RCA should be obtained only from structural-
grade concrete waste to contain low
contamination and consistent quality. Pre-
soaking or surface-drying of RCA prior to mixing
is advisable to avoid unforeseen water
absorption. Quality control must incorporate
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water absorption, specific gravity, and crushing
tests in each batch of recycled aggregate
Supplementary Cementitious Materials (SCMs)
like fly ash, GGBS, or silica fume can be added
to increase ITZ density and durability.
Recommended curing regimes (at least 28 days
damp curing) are necessary to complete full
strength development in RAC.

E. Future Scope

Though compressive strength behavior was the
main concern, more studies are required to
formulate complete performance criteria for
structural applications of RCA concrete:
Durability Assessment: Assess resistance to
chloride penetration, sulfate attack, carbonation,
and freeze-thaw cycles to provide long-term
stability. Microstructural Characterization: Use
Scanning Electron Microscopy (SEM) and X-ray
Diffraction (XRD) to image ITZ morphology and
measure micro-porosity. Mechanical Behavior
Beyond Compression: Analyze flexural, tensile,
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and modulus of elasticity properties for full
structural design compatibility. Optimization
Using Mineral Admixtures: Explore the
combined impact of RCA + SCMs to obtain
further cement usage and carbon footprint
reductions. Economic and Life-Cycle Analysis
Quantify cost savings, embodied energy, and CO,
savings for mass implementation. Full-Scale
Structural Validation: Test beams, columns, and
slabs with optimum RCA to establish real-world
usability.

F. Final Remark

The study conclusively proves that Recycled
Coarse Aggregate can safely be implemented to
20% substitution in structural concrete without
substantial loss in compressive strength.

This discovery lends support to the technical
feasibility of RCA and reaffirms its position as an
important  material  rfeosrourcger efficient
construction and infrastructure development.



