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Construction and demolition (C&D) waste is one of the largest waste streams generated globally, yet its recycling and reuse in
concrete production remains minimal — especially in India where only about 1% is currently recycled. This study investigates the feasibility
and strength performance of M25 grade concrete in which natural fine aggregate (river sand) is partially replaced with recycled fine aggregate
(RFA) from C&D waste at 5%, 10%, 15%, and 20%, and natural coarse aggregate is simultaneously replaced with recycled coarse aggregate
(RCA) at 10%, 20%, 30%, and 40%, respectively. Concrete mix was designed as per IS 10262:2009 with a water-cement ratio of 0.45. Cube
specimens of 150150150 mm were cast and tested for compressive strength, and cylinder specimens for split tensile strength, at 7, 14, and
28 days of curing. Results show that Sample-3 (15% RFA + 30% RCA) achieved the highest compressive strength of 36.44 N/mm2 and tensile
strength of 4.9 N/mm?2 at 28 days, outperforming conventional concrete (24.2 N/mm? and 3.7 N/mmg?, respectively). Beyond 15% RFA and 30%
RCA, strength declined. The study confirms that up to 15% RFA and 30% RCA can effectively replace natural aggregates in M25 concrete
without compromise to structural performance, offering significant economic and environmental benefits.

Recycled Aggregate; Construction and Demolition Waste; Compressive Strength; Split Tensile Strength; M25 Concrete;
Sustainability; RFA; RCA.

Concrete is the most widely consumed construction material in the world, second only to water. Its production relies
heavily on natural aggregates — sand, gravel, and crushed stone — which are finite, rapidly depleting resources. At the same
time, construction and demolition (C&D) activities generate enormous quantities of waste globally. In Europe alone, C&D waste
accounts for more than one-third of all waste generated. In India, the construction sector produces an estimated 10-12 million
tonnes of C&D waste annually, yet according to a recent CSE report, barely 1% of it is recovered or recycled [1].

The environmental burden of this dual problem — depletion of natural aggregates and improper disposal of C&D waste
— necessitates urgent technical solutions. Using recycled aggregates (RA) derived from processed C&D waste as a partial or full
substitute for natural aggregates in concrete is an increasingly researched pathway for sustainable construction. Recycled concrete
aggregate (RCA) and recycled fine aggregate (RFA) can divert large quantities of C&D waste from landfills while simultaneously
reducing the demand for virgin aggregate mining [2, 3].

However, recycled aggregates are known to possess higher water absorption, lower density, and reduced mechanical
performance compared to natural aggregates, primarily due to the residual mortar adhering to their surfaces. These properties can
adversely affect concrete workability, compressive strength, and durability if not properly accounted for in mix design [4, 5].
Understanding the threshold replacement levels at which recycled aggregates can match or exceed the performance of
conventional concrete is therefore critical for practical applications.

This study aims to evaluate the compressive and split tensile strength of M25 grade concrete produced with simultaneous
partial replacement of both fine and coarse natural aggregates with RFA and RCA at different replacement ratios, identifying the
optimum replacement percentage for maximum strength performance.

Several researchers have investigated the use of C&D waste-derived recycled aggregates in concrete and reported varied
findings depending on replacement levels, aggregate processing, and mix design approaches.

Avindana John reported that C&D waste streams consist approximately of 40-50% recycled coarse aggregates and 22—
25% recycled fine aggregates by composition. He concluded that optimizing the utilization of recycled coarse and fine aggregates
can meaningfully reduce environmental impact and conserve natural resources [1].

Mohamad Azim Mohammad investigated the use of recycled aggregates treated with epoxy resin to reduce their elevated
water absorption. His study found that RAC produced from site-tested concrete specimens showed compressive and split tensile
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strengths close to those of conventional concrete, though workability was reduced and could be improved by using SSD (saturated
surface dry) coarse aggregate [2].

S. Gunasekar evaluated the separation and processing of CDW for use as aggregates in concrete mixes. He confirmed
that properly treated recycled aggregates produced from site-tested specimens can make good quality concrete and presented
strength data showing the influence of aggregate size variation on compressive strength and water absorption [3].

Ammar Zaki et al. conducted a study replacing natural aggregate (NA) with RCA at 50%, 75%, and 100% in non-
structural concrete elements. They found no significant change in hardened properties at 50% RCA replacement compared to
100% NA, and recommended that NA can be replaced with RCA up to 50% for non-structural concrete with target strength of
25 N/mma2 [4].

Jayanth Baskaran and Vijay Mani Bharathi evaluated CDW replacement at 25%, 50%, 75%, and 100% in M40 concrete.
They reported that 50% replacement of cultivated aggregate (C-Coarse and C-Sand) was optimal, and that using CDW could
save approximately 12.075 m3 of fine aggregate and 21.625 m3 of coarse aggregate per 100 m3 of concreting work [5].

Puneeth H C and S P Mahendra investigated RCA replacement at 20%, 40%, 60%, 80%, and 100% in M30 and M40
concrete following an acid beneficiation process. After treatment, water absorption was reduced by 28.78% and compressive
strength was found to be 40.45 N/mm? for M30 and 51.33 N/mm? for M40 at optimum replacement levels of 45.75% and 23.35%,
respectively [6].

Dr. P. Mariappan et al. reported that recycled fine aggregate sourced from construction debris could be reused in concrete
for fine aggregate replacement, and presented empirical relationships between building area and material quantities generated in
debris for practical estimation purposes [7].

3.1 Materials

The following materials were used in this experimental investigation:

» Cement: Ordinary Portland Cement (OPC 53 grade) conforming to IS 12269. Fineness tested was 8.5%, which is within
permissible limits.

» Fine Aggregate (FA): Natural river sand conforming to 1S 383:2016, Zone Il. Specific gravity = 2.54; Water absorption =
2.8%; Coefficient of uniformity (Cu) = 3.38; Coefficient of curvature (Cc) = 2.01; Maximum bulking = 27.7% at 4% moisture
content.

» Coarse Aggregate (CA): Crushed granite, nominal maximum size 20 mm. Specific gravity = 2.73; Water absorption = 2.4%.

» Recycled Fine Aggregate (RFA): Derived from C&D waste by crushing and sieving demolished concrete to pass 4.75 mm
sieve. Specific gravity = 2.67; Water absorption = 6.5%.

» Recycled Coarse Aggregate (RCA): Obtained by crushing demolished concrete rubble to 20 mm nominal size. Specific gravity
= 2.70; Water absorption = 5.0%.

» Water: Potable water free from organic matter and dissolved salts, conforming to 1S 456:2000.

3.2 Mix Design (IS 10262:2009)
The concrete mix was designed for M25 grade with a target mean compressive strength calculated as:
fick = fck + 1.655 = 25 + 1.65 x 4 = 31.6 N/mm?
A water-cement ratio of 0.45 was adopted (less than the maximum permissible value of 0.50 for moderate exposure as
per IS 456:2000). The mix proportions obtained are presented in Table 1.

Mix Component Quantity ‘
OPC (kg/m?3) Fine Aggregate (kg/m?3) Coarse Aggregate Water (litres/m3)
(kg/m3)
426.67 571.20 1212.15 \ 192
1 1.3 2.6 (w/c = 0.45) \

Table 1: Mix Design Proportions for M25 Concrete (IS 10262:2009)

Sample RFA (% of FA) RCA (% of CA) ‘ Casting Date
Conventional Concrete 0 0 16/02/2023
(CC)
Sample-1 5 10 ‘ 15/03/2023
Sample-2 10 20 ‘ 16/03/2023
Sample-3 15 30 ‘ 27/03/2023
Sample-4 20 40 ‘ 27/03/2023

Table 2: Replacement Proportions of C&D Aggregate Used
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3.3 Specimen Preparation

Dry materials (cement, fine and coarse aggregates in appropriate ratios, including recycled aggregate proportions) were
blended manually until homogeneous. Water was added at the prescribed water-cement ratio of 0.45 and mixing continued until
a uniform workable mix was obtained. Cube specimens of 150x150x150 mm were cast for compressive strength tests. Each
specimen was compacted using a vibrating table in three equal layers. After 24 hours, specimens were demoulded and placed in
a water curing tank at room temperature until the test age (7, 14, and 28 days).

3.4 Material Test Results

Material Test Permissible Range ‘ Result Obtained
Fine Aggregate Specific Gravity 25-3.0 ‘ 2.54
Water Absorption < 3% ‘ 2.8%
Sieve Analysis (Zone) — ‘ Zone Il
Max. Bulking Up to 40% ‘ 27.7% @ 4% moisture
Coarse Aggregate Specific Gravity 26-28 ‘ 2.73
Water Absorption < 3% ‘ 2.4%
Cement Fineness (90um sieve) < 10% ‘ 8.5%
Recycled Fine Specific Gravity 25-30 2.67
Aggregate
Water Absorption 3-10% ‘ 6.5%
Recycled Coarse Specific Gravity 2.6-28 2.70
Aggregate
Water Absorption 3-10% ‘ 5.0%

Table 3: Summary of Material Test Results

3.5 Testing Methods

Compressive strength tests were conducted on 150x150x150 mm cube specimens using a 2000 KN compression testing
machine as per IS 516:1959. Load was applied at a uniform rate of 40 kg/sq.cm/min. Split tensile strength was determined by
diametrically loading cylindrical specimens as per IS 5816:1999. Both tests were carried out at 7, 14, and 28 days of water curing.

4.1 Compressive Strength

Compressive strength results for all samples at 7, 14, and 28 days of curing are presented in Table 4. Conventional
concrete (CC) achieved 21.3, 23.11, and 24.2 N/mm?2 at 7, 14, and 28 days, respectively. All recycled aggregate mixes except
Sample-4 exceeded the target 28-day strength of M25 grade (25 N/mm2).

Sample-3 (15% RFA + 30% RCA) achieved the highest 28-day compressive strength of 36.44 N/mm2, representing a
50.6% increase over conventional concrete. Sample-2 (10% RFA + 20% RCA) also performed well, reaching 35.11 N/mm2 at
28 days. Sample-4 (20% RFA + 40% RCA) showed decreased strength compared to Sample-3, indicating a threshold beyond
which the quality-diluting effect of higher RCA proportions dominates. The increased water absorption of RCA (5%) and RFA
(6.5%) compared to natural aggregates leads to increased internal porosity at higher replacement levels, which can reduce
strength.

Sample / Mix 7 Days 14 Days ‘ 28 Days
Conventional Concrete (CC) 21.30 ‘ 23.11 ‘ 24.20
Sample-1 (5% RFA + 10% RCA) 23.13 \ 26.11 \ 27.28
Sample-2 (10% RFA + 20% RCA) 24.40 \ 28.00 \ 35.11
Sample-3 (15% RFA + 30% RCA) 22.66 \ 30.66 \ 36.44
Sample-4 (20% RFA + 40% RCA) 19.11 \ 29.30 \ 27.56

Table 4: Compressive Strength Results (N/mm?)
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Graph 1: Compressive Strength Results (N/mm?)

The compressive strength progression from 7 to 28 days indicates that all mixes show strength gain over time. Notably,
Sample-3 and Sample-2 exhibit steep strength gains between 14 and 28 days, suggesting delayed pozzolanic activity within the
recycled mortar particles contributing to late strength development. Sample-4, despite moderate 14-day strength, shows reduced
28-day strength possibly due to compromised interface transition zone quality at higher RCA contents.

4.2 Split Tensile Strength

Tensile strength results follow a similar trend to compressive strength, as shown in Table 5. Conventional concrete
achieved 1.85, 2.5, and 3.7 N/mmz2at 7, 14, and 28 days respectively. Sample-3 (15% RFA + 30% RCA) again yielded the highest
tensile strength of 4.9 N/mmz2 at 28 days, a 32.4% improvement over CC.

Sample / Mix 7 Days 14 Days 28 Days
Conventional Concrete (CC) 1.85 2.50 ‘ 3.70
Sample-1 (5% RFA + 10% RCA) 1.98 2.50 \ 3.85
Sample-2 (10% RFA + 20% RCA) 2.12 3.40 ‘ 3.99
Sample-3 (15% RFA + 30% RCA) 2.26 3.70 ‘ 4.90
Sample-4 (20% RFA + 40% RCA) 1.22 3.30 ‘ 3.95

Table 5: Split Tensile Strength Results (N/mm?)

The tensile-to-compressive strength ratios for all samples fall within the accepted range of 8-14%, indicating consistent
internal concrete quality. Sample-4 shows a sharp drop at 7-day tensile strength (1.22 N/mm?2) compared to CC (1.85 N/mm?),
likely attributable to reduced bonding efficiency at higher RFA fractions in early curing. However, its 28-day tensile strength
(3.95 N/mm2) recovers to near-CC levels, suggesting that curing time compensates partially for the weaker initial bond.

Conventional  Sample-1 (5% Sample-2 (10% Sample-3 (15% Sample-4 (20%
Concrete (CC) RFA +10% RCA) RFA +20% RCA) RFA +30% RCA) RFA + 40% RCA)

N Wb O

[

B 7 Days M14Days M 28Days
Graph 2: Split Tensile Strength Results (N/mm?)
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4.3 Discussion

The experimental results confirm that recycled aggregates from C&D waste can be effectively utilised in M25 grade
concrete production at specific replacement levels. The superior performance of Sample-3 over CC may be attributed to the filling
effect of finer recycled mortar particles in the interfacial transition zones (ITZ), which can improve paste-aggregate bonding at
moderate replacement levels. This phenomenon is consistent with findings reported by Khatib (2005) [9] and Rahal (2007) [12],
who also observed strength enhancement at intermediate replacement ratios.

The decline in performance at Sample-4 (20% RFA + 40% RCA) is attributed to the increasing proportion of old mortar
introducing weak planes and higher porosity. This aligns with findings from Meddah (2017) [10] and Movassaghi (2006) [18],
who noted durability and strength reductions at higher RCA replacement ratios.

The overall finding that compressive strength of RAC increases up to 45% aggregate replacement is supported by the 28-
day data trend between Sample-1, 2, and 3. The economic and environmental benefit of this approach is substantial: for every
100 m3 of concrete produced using 15% RFA and 30% RCA, approximately 85.7 kg/m? of river sand and 363.6 kg/m3 of quarried
coarse aggregate can be conserved, reducing both mining impact and C&D waste landfill burden.

Based on the experimental study conducted on M25 grade concrete incorporating recycled fine and coarse aggregates

from C&D waste, the following conclusions are drawn:

» Recycled aggregates from C&D waste can be effectively used as partial replacements for natural aggregates in M25 concrete
with appropriate mix design.

 All replacement mixes except Sample-4 achieved the target 28-day compressive strength of M25 grade (>25 N/mm?),
confirming the structural suitability of recycled aggregate concrete at moderate replacement levels.

» Sample-3 (15% RFA + 30% RCA) yielded the maximum compressive strength of 36.44 N/mm2 and tensile strength of 4.9
N/mm?2 at 28 days — improvements of 50.6% and 32.4% respectively over conventional M25 concrete.

» Beyond 15% RFA and 30% RCA (i.e., Sample-4: 20% RFA + 40% RCA), both compressive and tensile strength declined due
to increased

 porosity, higher water absorption, and weaker interfacial transition zones.

« Strength increases up to approximately 45% total aggregate replacement (combined RFA and RCA), consistent with prior
literature. Beyond this threshold, concrete performance reduces below conventional levels.

» The higher water absorption of RFA (6.5%) and RCA (5.0%) compared to natural aggregates must be accounted for in mix
proportioning to avoid unintended changes in effective water-cement ratio.

» The use of recycled aggregates at the optimum replacement level reduces consumption of natural resources, diverts C&D waste
from landfills, and can lower the overall cost of concrete production.

Future Work

Future research can extend this study to higher replacement ratios with treated or beneficiated recycled aggregates,
different mix grades (M30, M40), durability parameters such as chloride permeability and sulfate resistance, and long-term
structural behaviour of reinforced RAC members.
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