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Abstract

This study assesses the performance of M30 grade concrete incorporating Recycled Coarse
Aggregate (RCA) sourced from Prithvi Rajmarga as a partial replacement for Natural Coarse Aggregate
(NCA). RCA was manually processed and used to replace NCA at 0%, 10%, 20%, 30%, and 40% by
weight. A control mix was designed with a constant water-cement ratio of 0.38 and a mix proportion of
1:1.94:3.22 (C:S:A). Comparative analysis revealed that RCA exhibited lower specific gravity and
higher water absorption than NCA. Incorporation of RCA led to reductions in slump and fresh density.
The 28-day compressive strength values were 38.69 MPa, 35.33 MPa, 34.70 MPa, 34.26 MPa, and
32.07 MPa for 0% to 40% RCA replacement levels, respectively. Compressive strength remained above
the target threshold (fck + 4 = 34 MPa) up to 30% replacement. A similar declining trend was observed
in flexural strength, with recorded values of 6.4 MPa, 5.98 MPa, 4.98 MPa, 4.52 MPa, and 4.04 MPa.
The results indicate that RCA can replace NCA up to 30% without significantly compromising structural
performance. This supports the potential of RCA in sustainable construction and contributes to effective
construction and demolition waste management strategies
Keywords: Compressive strength, Construction and Demolition Waste, Flexural Strength, Recycle
coarse aggregate,

1. Introduction
1.1 Background

Concrete, owing to its durability, strength, and cost-effectiveness, remains the most consumed
construction material globally, with production exceeding 30 billion tons annually (Sverdrup and
Olafsdottir 2023). However, this enormous scale of usage is accompanied by environmental and
resource-based concerns, particularly due to the continuous extraction of natural coarse aggregates
(NCA) and the generation of large volumes of construction and demolition waste (C&DW). The
depletion of riverbeds and hillsides due to quarrying activities not only degrades ecosystems but also
threatens long-term aggregate supply (Langer and Arbogast 2003; Wiejaczka et al. 2018). At the same
time, increasing demolition from urban renewal and infrastructure rehabilitation adds millions of tons
of waste into the environment each year (Lee, Chang, and Lee 2024; Tam et al. 2018). In Nepal, these
dual challenges are especially pressing. Major highway infrastructure projects such as Prithvi Rajmarga,
a vital east-west corridor linking Kathmandu to Pokhara and beyond, produce substantial concrete waste
during maintenance and expansion. Currently, this debris is typically disposed of in landfills or
informally dumped, causing both environmental degradation and missed opportunities for material
recovery (Ehler and Shrestha 2015; Labra Cataldo et al. 2024). This highlights a significant gap in
Nepal’s construction sector: the lack of a formal mechanism or guideline for C&DW recycling and
reuse.

Recycling of concrete debris, particularly through the use of coarse recycled aggregates (CRA)
derived from crushed concrete, offers a sustainable alternative to conventional practices. Compared to
fine recycled aggregates, which are more susceptible to high water absorption and poor mechanical
interlock, CRA (particles >4.75 mm) demonstrates better mechanical properties and can partially or
even fully replace NCA in structural applications (Nedeljkovi¢ et al. 2021). Past studies have shown

43



OODBODHAN 2025, VOL. 08

that with appropriate processing—such as crushing, grading, and contaminant removal CRA can replace
30-50% of NCA without significant loss in compressive strength or durability (Gonzalez-Fonteboa and
Martinez-Abella 2008; Kou and Poon 2012). Nevertheless, concerns remain when CRA is used at
higher replacement ratios, especially in structural-grade concretes like M30, due to its relatively higher
porosity, adhered mortar content, and variability in strength (MaleSev, Radonjanin, and Marinkovi¢
2010; Silva, Brito, and Dhir 2014). A major contributor to performance variation in recycled aggregate
concrete (RAC) is the interfacial transition zone (ITZ), the microstructural region surrounding
aggregate particles where mechanical bonding occurs. In concrete containing CRA, this zone becomes
more complex due to the presence of multiple ITZs the first between old natural aggregates and residual
mortar in the CRA, and the second between the CRA surface and the new cement paste. These zones
are often porous and rich in microcracks, resulting in a weakened matrix, especially at higher CRA
content. As such, optimizing CRA content becomes essential not only to ensure mechanical
performance but also to control long-term durability and shrinkage behavior (Li, Zhao, and Wang
2025).

While global leaders such as the Netherlands recycle over 85% of their C&DW for use in road base
and structural concrete (Zhang et al. 2020), Nepal lacks such policy-driven recycling infrastructure.
This creates a compelling need to generate local evidence for sustainable aggregate substitution in
structural applications. Accordingly, this study focuses on assessing the feasibility of using CRA
sourced from Prithvi Rajmarga in M30 grade concrete, with the aim of determining the optimal
replacement percentage of NCA by CRA that maintains structural performance while maximizing
environmental benefits. To achieve this, a series of concrete mixes were designed with varying
proportions of CRA, ranging from partial to full replacement of NCA. The resulting mixes were
evaluated in terms of fresh and hardened properties, including workability, compressive strength,
density, and water absorption. Particular attention was given to the effects of increasing CRA content
on the performance of the concrete, especially the behavior of the ITZ, which governs the composite
action between paste and aggregate.

1.2. Literature Review

Natural aggregates, such as crushed stone, sand, and gravel, account for 70% to 80% of the total
volume in conventional concrete (Wilburn, and Goonan 1998). These aggregates are non-renewable
and extracted through environmentally intensive quarrying processes. Despite their abundance,
concerns have arisen due to increased production costs, limited accessibility to quarries, and the
environmental degradation associated with their extraction. As a result, the construction industry has
explored alternative materials such as recycled concrete aggregates (RCA), which are derived from
crushed demolition waste (Verian 2012). Concrete produced with RCA, referred to as recycled
aggregate concrete (RAC), presents an environmentally friendly and economically viable solution.
According to the Canadian Council of Ministers of the Environment, construction, renovation, and
demolition (CRD) waste is a significant source of recycled aggregates. Modern processing techniques
and quality control measures are crucial to ensure the effective use of RCA (Dosho et al., 2005).
Numerous international case studies have demonstrated successful implementation of RCA. In the
United Kingdom, 10% of total aggregates used in construction have been replaced with RCA (Collins,
1996). The Netherlands used approximately 78,000 tons of RCA in 1994 (de Vries, 1996), while
Germany set a recycling target of 40% for construction and demolition waste as early as 1991 (van
Acker, 1998). Denmark and Sweden have reported similar initiatives during the 1990s (Schimmoller et
al. 2000). In the United States, nearly 100 highway pavement projects had incorporated RCA by the
mid-1990s (Burke et al., 1992). The practice of recycling concrete began in Europe after World War 11
for post-war reconstruction and expanded in the United States during the 1970s for use in foundations
and road base layers (Buck 1977). Recycled concrete aggregate (RCA) has lower density and higher
water absorption than natural aggregates due to residual cement paste, though its properties still meet
standards. Up to 30% RCA replacement does not affect compressive strength across various curing
periods, but higher amounts lead to strength reduction. Adjusting the water/cement ratio can help offset
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these effects (Limbachiya, Leelawat, and Dhir 2000). Additionally, RCA exhibits 7% to 9% lower
relative density and nearly double the water absorption compared to natural aggregates, affecting mix
design and durability (Shoeb Iliyas et al. 2019). Concrete and brick waste can be effectively reused by
converting them into coarse aggregates, fine aggregates, and powder for recycled concrete applications.

When these recycled coarse aggregates are thoroughly cleaned and free from impurities, they can
match the performance of conventional aggregates. Although the fresh and 28-day densities dropped
by 7.1% and 7.7% respectively, the compressive strength after 28 days increased by 4.5%, indicating
promising results for structural use (Gyawali 2022). Using recycled concrete aggregate (RCA) below
20% replacement has negligible impact on strength. Partial replacement of only coarse aggregates yields
better strength than replacing both coarse and fine aggregates. RCA use supports sustainability with
comparable strength, but further durability studies are needed (Hassan 2018). Using a novel triple
mixing (TM) method and SEM analysis revealed that coating recycled aggregates (RA) with pozzolanic
particles, especially fine-ground slag, significantly improves the compressive strength and chloride
resistance of recycled aggregate concrete (RAC) compared to the double mixing (DM) method or fly
ash use. The pozzolanic particles react with calcium hydroxide to form additional hydration products,
enhancing the interfacial transition zone (ITZ) and strengthening the RA, thereby improving the overall
strength and durability of RAC (Kong et al. 2010). Recycled concrete aggregates (RCA) generally
exhibit inferior properties compared to natural aggregates (NA) due to their porous microstructure and
weak interfacial transition zone (ITZ). RCA typically has lower density, specific gravity, and bulk
density, along with higher water absorption. Mechanically, RCA performs less effectively, with higher
crushing and impact values and lower crushing strength caused by adhered mortar and weak ITZ.
Nonetheless, various enhancement techniques can be employed to improve these properties (Memon,
Bekzhanova, and Murzakarimova 2022). When the old concrete used to produce RCA has higher
strength than the new concrete, the interfacial transition zone between the old aggregate and new mortar
(ITZOA-NM) exhibits the lowest micro-hardness, minimizing the negative impact of adhered old
mortar on RAC properties thus, removing the old mortar is unnecessary. Conversely, if the old concrete
is weaker than the new concrete, the interfacial zone between the old aggregate and old mortar (ITZOA-
OM) becomes the weakest link, significantly degrading RAC performance. In such cases, it is advisable
to remove as much adhered old mortar from the RCA as possible (Yue et al. 2020). ITZ between new
and old mortar and old mortar and old aggregate is shown in Fig. 1.
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Fig. 12: Image of RCA and Prepared Concrete
1.3 Research Gap

Despite extensive research on RCA, limited studies have focused on recycled coarse aggregates
sourced from infrastructure demolitions like highways, culverts, and footpaths. These elements, unlike
typical buildings, experience heavier and more variable loads, potentially affecting the quality and
performance of RCA. This creates a need to assess their suitability in structural concrete, particularly
in contexts like Nepal’s Rajmarga projects.
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1.4 Objectives of the Study

This study aims to evaluate the mechanical performance of M30-grade concrete by replacing
natural coarse aggregates with RCA obtained from demolished Rajmarga structures. The specific
objectives of this research are to:

1. Investigate the effect of varying proportions of RCA on the compressive and flexural

strength of the concrete.

2. Assess the impact of RCA substitution on the workability and water absorption

characteristics of the concrete.

3. Examine the feasibility of incorporating RCA into high-strength structural concrete

production.

2. Materials and Methods

This research follows a quantitative design, focusing on objective and replicable measurements. It uses
experimental methods to assess the effects of RCA on concrete performance. Rooted in sustainable construction
theory, it supports resource conservation and reuse. All testing adheres to IS codes, ensuring reliability, with
numerical data used to establish cause-effect relationships in concrete behaviour.

2.1 Materials
2.1.1. Cement

This study utilized a variety of materials to investigate the mechanical properties of M30-grade
concrete incorporating recycled coarse aggregates (RCA) sourced from demolished infrastructure. The
primary binding material used was Ordinary Portland Cement (OPC) of 43-grade, a commonly used
type of cement in structural concrete, which meets the requirements specified by Indian Standards. The
cement was thoroughly examined for its physical and mechanical properties to ensure that it met the
necessary quality standards for use in concrete. The specific gravity, fineness, and setting times of the
cement were determined following the guidelines of IS 4031-Part-1 (2005), IS 4031-Part-4 (2005) and
IS 4031 Part-5 (2005), respectively. In addition, the compressive strength of the cement was measured
after 28 days of curing, in accordance with the relevant IS standards, to assess its suitability for concrete
applications. Detail properties of cement are presented in Table 1.

Table 1: Properties of cement

Properties Value Test Standard

Specific gravity 3.15 (IS 4031-Part-11,2005)

Colour Grey Virtual Observation
Fineness 2.01 (IS 4031-Part-1,2005)
Normal consistency 29% (IS 4031-Part-4,2005)
Initial setting time 58 min (IS 4031-Part-5,2005)
Final setting time 455 min (IS 4031-Part-5,2005)
Compressive strength at 28 days 45.22 (IS 4031-Part-6,2005)

2.1.2. Aggregates

The normal coarse aggregates and fine aggregates used in this study were sourced from local
suppliers, ensuring that the materials were representative of typical regional availability. The physical
properties of these aggregates were carefully tested, including sieve analysis to determine their
gradation and fineness modulus. The recycled coarse aggregates (RCA), which form the focus of this
study, were sourced from demolished concrete elements along the Prithvi Rajmarga. Prithvi Rajmarga
was selected as a source for RCA due to the large volume of concrete waste generated during road
widening projects and maintenance activities. This provided a practical and abundant supply of RCA,
which is especially relevant in the context of Nepal's growing infrastructure demands and the need for
sustainable construction practices. The demolished concrete was initially crushed into smaller particles,
from which the coarse aggregates were separated and cleaned to remove any impurities such as dirt and
dust. After cleaning, the RCA was sieved through a 20mm sieve to exclude any particles larger than the
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specified limit, ensuring a uniform size distribution appropriate for incorporation into concrete
mixtures. Sieve analysis of NCA and RCA was done as per IS 383 (1970). Particle size distribution of
FA and of CA and RCA are shown in Fig. 2.
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Fig. 13: Aggregates particle distribution curve

According, to the data from above graph and according to IS: 383 (1970), the sand fulfills all the
criteria of zone II. In every mix design we used the sand of zone II.

2.1.3. Water

For the preparation of concrete mixes and curing purposes, fresh potable water was used throughout
the study. The use of potable water ensures that the quality of the mix is maintained, as non-potable or
contaminated water can adversely affect the setting, hardening, and strength development of concrete.

2.1.4. Superplasticizers

A high-performance polycarboxylate ether (PCE) superplasticizer, conforming to ASTM C 494
Type D, was used in this study. This superplasticizer, in liquid form, has a specific gravity of 1.11, pH
of 7-8, and viscosity of 15-18 seconds. It was employed to improve the workability of the concrete mix
without increasing the water content, enabling a lower water-to-cement ratio. This enhances the
concrete's strength and durability while maintaining flowability, especially in high-strength mixes like
M30-grade concrete.

2.1.5. Fly Ash

For this study, commercially available fly ash was used as a supplementary material in the concrete
mix. The fineness of the fly ash was determined using the wet sieving method, in accordance with the
guidelines provided in IS 3812 (Part 1). The fly ash used was grey in color, as confirmed through visual
inspection. The specific gravity of the fly ash was found to be 2.25, as per IS 4031 (Part 11). Additionally,
the calcium content of the fly ash was measured to be 3.1 %. These properties are important in
understanding the fly ash’s reactivity and its potential role in enhancing the performance of the concrete
mix.

2.2. Mix Proportions

In this study, M30-grade concrete was prepared by replacing natural coarse aggregate (NCA) with
recycled coarse aggregate (RCA) at five different levels: 0%, 10%, 20%, 30%, and 40%. The total
coarse aggregate content was kept constant across all mixes, and the replacements were made by weight.
The cement, fly ash, and sand contents were held constant at all replacement levels to maintain
uniformity in the mix matrix. Specifically, RCA was introduced as a percentage of the total coarse
aggregate content, with 0% RCA (100% NCA) in the control mix, and 10%, 20%, 30%, and 40% RCA
replacing an equivalent percentage of NCA in subsequent mixes. To account for the higher water
absorption capacity of RCA, the water content was increased by approximately 28.6% in mixes with
RCA from 149 kg in the control mix to 191.58 kg in the RCA mixes ensuring consistent workability
across all mixes. This adjustment was crucial due to the porous nature of RCA and the presence of old
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adhered mortar, which tends to absorb more water compared to natural aggregates. Additionally, 1%
superplasticizer was incorporated into all mixes to maintain consistent workability despite variations in
the aggregate composition. The uniform binder and fine aggregate content, combined with proportional
replacement and water adjustment, allowed for a systematic evaluation of RCA’s influence on concrete
properties while aligning with sustainable construction practices. Detail of mix proportions was shown
in Table 2.

Table 2: Mix proportion with various % of RCA

Mix %  Cement (kg) Fly Ash Sand (kg) NCA (kg) RCA (kg)  Water (kg)
(kg)
0% 290.65 72.63 706.4 1172.3 - 149
10% 290.65 72.63 706.4 1055.07 117.23 191.58
20% 290.65 72.63 706.4 937.7 234.46 191.58
30% 290.65 72.63 706.4 820.61 351.69 191.58
40% 290.65 72.63 706.4 703.31 468.92 191.58

2.3. Mixing and Test Specimen Preparation

In this study, a 70-liter drum-type mixer was employed to prepare the concrete mix, following the
provisions of IS 516 (2004). The mixing process began with the dry blending of fine and coarse
aggregates for approximately 30 seconds, ensuring even distribution and homogeneity. Following this
initial mixing, a superplasticizer, conforming to ASTM C494 Type D, was used to improve the
workability of the concrete. The required dosage of superplasticizer was first dissolved in about 75%
of the total mixing water and gradually added to the drum while mixing continued. This allowed for
efficient dispersion of the admixture and minimized the possibility of clumping or segregation. The
mixing was then continued for an additional 2 minutes, until a consistent, workable, and cohesive
concrete mix was obtained. Finally, the remaining 25% of the water was added, and the mix was stirred
for another 1 minute to ensure complete hydration and uniformity. All activities related to mixing,
casting, and curing were conducted under controlled laboratory conditions. The ambient temperature
was maintained at 20 = 2°C, and the relative humidity was regulated at approximately 65%. These
environmental settings were crucial to prevent fluctuations in curing behaviour and ensure consistent
and reproducible results. By standardizing these conditions, the integrity of the experimental program
was preserved, enabling accurate assessment of the fresh and hardened properties of the concrete.

For mould preparation, 150 mm x 150 mm x 150 mm cube moulds were used for the compressive
strength (CS) tests, while 500 mm X 100 mm x 100 mm beam moulds were employed for flexural
strength (FS) tests. Prior to casting, the moulds were thoroughly cleaned to remove any debris or
remnants of old concrete and then lubricated with a release agent to facilitate easy removal of the
hardened specimens. Concrete was poured into each mould in three layers, and each layer was tamped
25 times to ensure adequate compaction and to remove air voids, as specified by IS 516 (2004). The
surface was levelled to ensure uniformity, and after casting, the specimens were stored in a cool area
and wrapped with clean, humid cloths for 24 hours to prevent rapid moisture loss. The specimens were
then transferred to a curing tank, where they were kept submerged in water for the remainder of the
curing period, as shown in Fig. 3. All tests were carried out according to the procedures outlined in IS
516 (2004).

a) Mixing of Concrete ‘ b) CuB-émSI‘)ecimen c) Beam Sf)e;:imen d) Wet Curing

Fig. 14 : Concrete Mixing and Specimen Preparation
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2.4 Test Methods

To assess the quality and durability of the aggregates used in the concrete mix, a series of standard
laboratory tests were conducted. The specific gravity and water absorption of both fine and coarse
aggregates were determined in accordance with IS 2386: Part 3 (1963). For this, oven-dried aggregate
samples were brought to room temperature before testing, using a pycnometer for fine aggregates and
a wire basket for coarse aggregates. These parameters are essential in determining the aggregate's
density and its influence on the water demand of the mix. Furthermore, the abrasion resistance of coarse
aggregates was evaluated using the Los Angeles Abrasion Test, following the guidelines of IS 2386:
Part 4 (1963). In this test, a specified quantity of aggregate was placed in a rotating drum along with
standard steel balls, and the machine was operated for a set number of revolutions. The percentage
weight loss of the aggregates after the test provided a measure of their resistance to wear and mechanical
degradation. These tests were crucial to ensure that the aggregates met the strength and durability
requirements necessary for high-performance concrete production.

The workability of the freshly prepared concrete mix was determined using the slump cone test as
per IS 1199 (1959). This test was carried out immediately after mixing to assess the flowability and
consistency of the concrete. The slump cone was filled in three successive layers, with each layer
compacted 25 times using a tamping rod to eliminate entrapped air and achieve proper compaction.
Upon removal of the cone, the vertical settlement of the concrete (slump value) was measured and
recorded as an indication of its workability. For strength assessment, cube and beam specimens were
demolded after 24 hours and subsequently cured in water until the specified testing days. Compressive,
flexural, and flexural strength tests were conducted at 7 and 28 days of curing. Before testing, specimens
were cleaned using a dry cloth and left to air-dry on a level surface to eliminate surface moisture. The
dimensions and mass of each specimen were recorded to compute their respective densities. Test setup
for both compressive and flexural strength was depicted in Figure 4.

Compressive strength was determined on 150 mm x 150 mm X 150 mm cube specimens using a
compression testing machine, following IS 516 (2004). The compressive strength fc was calculated
using the equation:

P
fo== &)

where fc is the compressive strength (MPa), P is the maximum applied load (N), and a is the side
length of the cube (mm).

Flexural strength tests were conducted on 100 mm x 100 mm % 500 mm beam specimens using a
universal testing machine (UTM) of 1000 kN capacity. A three-point bending load was applied at the
center of the beam, as per IS 516 (2004). The flexural strength fb was computed using the formula:

fom s @

where b is the flexural strength (MPa), P is the applied load (N), L is the effective span (mm), b is
the breadth (mm), and d is the depth (mm) of the beam.

A

\ : e |

a) Compressive Strength Test b) Flexural Strength Test
Fig. 15 : Test on hardened concrete
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3. Results and discussion
3.1 Specific Gravity and Water Absorption of Aggregates

The specific gravity and water absorption of natural coarse aggregate (NA) and recycled coarse
aggregate (RCA) were tested as per IS 2386 — Part 3 (1963). The specific gravity of NA was 2.62, while
RCA had a lower value of 2.54, mainly due to the residual mortar attached to RCA particles, which also
contributes to its increased porosity. The water absorption of RCA (6.83%) was significantly higher
than that of NA (1.31%), owing to the porous nature of the adhered mortar and the presence of
microcracks within the recycled particles. These microcracks, formed during the recycling process, not
only reduce the density of RCA but also increase its water absorption capacity, impacting the water
demand in concrete mixes. This trend is consistent with previous studies, which report similar results
for RCA’s physical properties.

3.2. LA Abrasion Test of Aggregates

The Los Angeles (LA) abrasion test was conducted to assess the resistance of both natural coarse
aggregate (NCA) and recycled coarse aggregate (RCA) to wear and tear caused by impact forces
between steel balls and the aggregates. The results showed that the abrasion value for NCA was 4.6%,
while RCA exhibited a higher abrasion value of 8.44%. This increased mass loss in RCA can be
attributed to the presence of soft, adhered old mortar and the formation of cracks within the aggregates
during the crushing process. The old mortar, which is more porous and weaker than the base aggregate,
makes RCA more susceptible to abrasion. Additionally, the crushing process of RCA often causes the
formation of microcracks, which further reduces the aggregate's strength and increases its susceptibility
to abrasion. These findings are consistent with previous studies, which have observed that RCA
generally shows higher abrasion values due to the inherent characteristics of recycled material, such as
the residual mortar and weakened particle structure (Algarni et al. 2022).

3.3 Workability of Concrete

The workability of the concrete was assessed using the slump test, and the results showed a clear
trend: the maximum workability was observed at 0% replacement of natural coarse aggregates (NCA)
with recycled coarse aggregates (RCA), and the minimum workability was recorded at 40%
replacement with RCA, as shown in Fig. 5. This decrease in workability with increasing RCA content
can be attributed to the higher water absorption rate of RCA compared to NCA. As the amount of RCA
in the mix increases, more water is absorbed by the aggregates, reducing the available water for
hydration and consequently lowering the workability of the concrete. The irregular and rough shape of
RCA particles, along with the presence of adhered old cement paste, further contributes to this reduction
in workability. Kurda et al., (2017) indicated that the water absorption rate in concrete with RCA is
higher due to these factors, which leads to a decrease in workability. Therefore, as the RCA content
increases, the concrete becomes more difficult to mix, place, and compact.
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Fig. 16 : Slump value of concrete
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3.4 Fresh density

The fresh density of concrete was observed to decrease with an increase in the RCA content, from
0% to 40%, as shown in Figure 6. This reduction in density can be attributed to the lower specific
gravity of RCA compared to natural coarse aggregates (NCA). Since RCA has a specific gravity of 2.54,
which is lower than that of NCA (2.62), the overall density of the concrete mix decreases as more RCA
is incorporated into the mix. The lower specific gravity of RCA means that it contributes less to the
overall mass of the concrete, leading to a decrease in its fresh density. This effect is particularly
noticeable as the replacement percentage increases, with the concrete becoming progressively lighter
with higher RCA content.
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Fig. 17 : Fresh density of concrete
3.5 Compressive strength

The compressive strength of concrete was observed to decrease with an increase in the content of
recycled coarse aggregates (RCA). The compressive strength values after 7 days and 28 days of curing
were recorded for different replacement levels of RCA, as shown in Fig. 7. For 7 days, the compressive
strength values were 26.65 MPa, 25.98 MPa, 25.44 MPa, 25.14 MPa, and 23.70 MPa for 0%, 10%,
20%, 30%, and 40% RCA replacement, respectively. For 28 days, the compressive strength values were
38.69 MPa, 35.33 MPa, 34.70 MPa, 34.26 MPa, and 32.07 MPa, for 0%, 10%, 20%, 30%, and 40%
RCA replacement, respectively. Relation of compressive strength of concrete with various replacement
of recycled aggregate is illustrated in Figure 6.

The reduction in compressive strength with increasing RCA content is attributed to the formation
of two distinct interfacial transition zones (ITZ) in concrete with RCA. In conventional concrete using
natural aggregates (NA), the ITZ is formed between the aggregates and the surrounding mortar.
However, in concrete with RCA, the ITZ is formed not only between the new aggregates and the new
mortar but also between the old mortar and the new aggregates (Memon, Bekzhanova, and
Murzakarimova 2022). This alteration in the ITZ results in a weaker bond and, consequently, a decrease
in compressive strength as the RCA content increases (Séez del Bosque et al. 2017).
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Fig. 18 : Compressive strength with varying % of RCA

It is noteworthy that the compressive strength remained above the target threshold according to IS
456 (2000) (fck + 4 = 34 MPa) up to 30% RCA replacement. The equation y = 39.473e(-0.041x) fits
the data for 28-day strength, with an R? value of 0.8985, indicating a strong correlation between RCA
content and compressive strength reduction. However, at 40% RCA replacement, the compressive
strength fell below the target threshold, indicating that higher RCA content significantly impacts the
strength of the concrete. Thus, while RCA can be effectively used in concrete up to 30% replacement
without compromising strength performance, higher replacement levels may result in strength
reductions that may not meet the required standards for certain applications. Trend of 28 days
compressive strength was illustrated in Fig. 8.
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Fig. 19: Trend of 28 days Compressive Strength
3.6 Flexural strength

The flexural strength of concrete was found to decrease progressively with an increase in the
percentage of recycled coarse aggregates (RCA), as presented in Fig. 9. At 7 days of curing, the flexural
strength values were 4.58 MPa, 4.24 MPa, 3.88 MPa, 3.62 MPa, and 3.36 MPa for 0%, 10%, 20%, 30%,
and 40% RCA replacement, respectively. Similarly, at 28 days, the flexural strength was recorded as
6.4 MPa, 5.98 MPa, 4.98 MPa, 4.52 MPa, and 4.04 MPa for the respective replacement levels.
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This reduction in strength can be attributed to the weaker mechanical properties of RCA compared
to natural coarse aggregates (NCA), which is due to the adhered old mortar and increased porosity that
results in a less dense and weaker interfacial transition zone (ITZ). These characteristics contribute to a
reduction in the concrete's resistance to bending stress as RCA content increases. Despite the decreasing
trend, it is important to note that the 28-day flexural strength values remained above the minimum
required threshold for M30 concrete as per IS 456, which is 0.7+fck = 3.83 MPa. Hence, even with 40%
replacement, the concrete meets the flexural strength requirement for structural applications.

7 Days
28 Days

Flexural Strength (MPa)
|’:"
(3]
w
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0 10 20 30 40

Replacement of RCA (%)

Fig. 20 : Flexural strength with varying % of RCA

The trend of 28-day flexural strength, shown in Fig. 10, follows the exponential decay equation y
=7.3227e—0.12x , with a high coefficient of determination (R? = 0.9809), indicating a strong correlation
between RCA content and the reduction in flexural strength. This suggests that while RCA can be used
in concrete mixes, careful control of its proportion is necessary to maintain desired mechanical
performance.
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Fig. 21: Trend of 28 days Flexural Strength
3.7 Correlation of Mechanical properties

To establish a predictive relationship between the compressive strength (CS) and flexural strength
(FS) of concrete incorporating recycled coarse aggregates (RCA), a nonlinear regression model was
developed. The best-fit equation derived from this study is of the form:

y = kxl

Where,

y is the flexural strength (MPa),

x is the compressive strength (MPa),

k=0.0005 and [=2.5918 are the empirical constants.

53



OODBODHAN 2025, VOL. 08

and the coefficient of determination R?>=0.84 indicating a strong correlation.

This relationship is illustrated in Fig. 11, which also compares the findings of this study with
models from previous research. The figure shows that while earlier studies such as Juki et al., (2013)
and Gyawali, (2023) reported a more linear or moderate relationship between CS and FS, the current
study and that of (Diogo Serpa and Jorge Pontes 2015) identified a more pronounced nonlinear trend.
Notably, the exponent value 1=2.5918 from this study is the steepest among all, suggesting that flexural
strength increases more sharply with compressive strength in this mix. However, the low constant
k=0.0005 tempers this rate, highlighting the significance of aggregate type, mix design, and the presence
of adhered mortar in RCA. Table 3 summarizes the values of k and 1 used in various models from
different studies, reinforcing the variability in FS-CS relationships due to differences in materials and
methodologies. This correlation model can aid in estimating the flexural strength of RCA-incorporated
concrete using compressive strength data, which is often more readily available.

® Testdata - -Gyawali Juki et al =——=This study =——=>5erpa et a

8

7

Flexure Strength{MPa)

0 5 10 15 20 25 30 35 40

Compressive Strength (MPa)

Figure 22: Relation between Flexural Strength and Compressive Strength
Table 3: Value adopted in Modelling

Modelling k 1 Authors

FS and CS 0.466 0.703 (Juki et al., 2013)
0.0323 1.3376 (Serpa et al., 2015)
1.400 0.400 (Gyawali et al., 2024)
0.0005 2.5918 This study

4. Conclusion

Based on the experimental investigation, it can be concluded that recycled coarse aggregates (RCA)
sourced from demolished structures of the historic Prithvi Rajmarga—a major national highway with
significant infrastructural legacy exhibit lower specific gravity and higher water absorption than natural
coarse aggregates (NCA), owing to adhered mortar and internal porosity. These characteristics lead to
a reduction in workability with increasing RCA content, as observed by a decline in slump values due
to increased water absorption. However, the mechanical properties of RCA concrete remained within
acceptable limits at certain replacement levels. Compressive strength results demonstrated that up to
30% replacement of NCA by RCA is feasible, with 28-day strength exceeding the target threshold (fck
+ 4 MPa), while flexural strength remained above the IS 456 minimum requirement up to 40%
replacement. Importantly, this study not only validates the mechanical viability of RCA in M30-grade
concrete but also highlights the potential of transforming demolition waste from national heritage
infrastructure like Prithvi Rajmarga into valuable resources for new construction. Rather than being
discarded as waste, such RCA can be sustainably repurposed in infrastructure development, reducing
environmental burden and supporting circular economy principles in the construction sector.
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