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Abstract: The necessity for environmental sustainability has
prompted the utilization of recycled concrete aggregates (RCA)
sourced from structural demolition sites for the production of
recycled aggregate concrete (RAC). The primary element
impacting the quality of recycled concrete aggregate (RCA) is the
mortar paste that adheres to the natural aggregate (NA). The
cement mortar adhered to recycled concrete aggregate exhibits
higher porosity and water absorption levels, along with reduced
strength compared to natural aggregate. These characteristics
negatively impact both the mechanical properties and durability of
fresh and hardened concrete incorporating recycled concrete
aggregate. As a result, it is crucial to enhance the interface by
improving the surface of the aggregate or by removing the mortar
adhered to the NA. Methods for achieving this include surface
modification of the aggregate or removing adhered paste from the
natural aggregate (NA). This research includes treatment
involving acidic solutions particularly hydrochloric acid (HCI),
and sulphuric acid (H2S0a4), for mortar layer removal from RCA,
analyzing their impact on the mechanical properties of aggregates
and durability of concrete incorporating RCA.

Abbreviations

CDW Construction and demolition waste

NA Natural aggregates

RAC Recycled aggregate concrete

RCA Recycled concrete aggregate

IS Indian Standards

IRC Indian Road Congress

Keywords: Recycled Aggregate, Recycled Aggregate Concrete,
Residual Mortar, Sulphuric acid, Hydrochloric acid.

I. INTRODUCTION

Construction and demolition waste (CDW) refers to the

debris generated during the construction, renovation, and
dismantling of buildings, bridges, and other structures. In
developing countries, about 95% of produced CDW is
disposed of in landfills or illegal dumping in unoccupied
areas, along riverbanks, and onto roadways. CDW
contributes significantly to worldwide waste generation,
making it a major environmental concern. For instance,
China generated over 2.4 billion tons of CDW overall.
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Altogether, the European Union (EU) produced 850 million
tons of CDW. The United States is one of the top producers
of CDW worldwide, generating more than 600 million tons.
India makes 530 million tons of contribution to CDW
generation annually.

Many researchers have explored using recycled aggregates
(RA) in concrete as an eco-friendly alternative to natural
aggregates (NA). This approach aims to efficiently utilise
CDW, mitigate the over-exploitation of natural aggregates,
and maximise ecological, environmental, and economic
benefits in construction. Recently, recycled concrete
aggregates (RCA), obtained through processes like crushing
and washing waste concrete, have gained attention for their
comparable physical and mechanical properties to natural
aggregates. Their use not only reduces natural resource
consumption but also cuts processing costs, aligning with
sustainability goals. The high potential for CDW recycling
and reuse has sparked significant market interest in
incorporating RA into construction materials and projects.
However, the physical and mechanical properties of RA are
inferior to those of NA due to the loose pore structures within
the old mortar. In comparison to natural aggregate, recycled
aggregate (RA) exhibits increased porosity, water absorption,
and crushing value, with the crushing process generating
microcracks that limit the application and development of
RA. To enhance the performance of RA, it becomes
imperative to strengthen it. This strengthening process
primarily involves physical enhancement technology and
chemical enhancement technology, aimed at removing or
improving the weak cement mortars on the aggregate surface
to enhance its physical properties. Chemical enhancement
technology is widely preferred for its simplicity, minimal
equipment needs, non-destructive impact on grading, and
effective strengthening results.

Currently, prevalent techniques in chemical enhancement
encompass acid  strengthening, polymer  emulsion
strengthening, pozzolanic cement mortar strengthening,
sodium  silicate  strengthening, and  carbonization
strengthening. The application of acid solutions facilitates the
removal of cement mortar from the aggregate surface, thereby
augmenting the aggregate's performance. This research paper
exclusively focuses on chemical treatment methodologies.

A Chemistry of Acid Treatment in RCA

The process entails the dissolution of cementitious
materials and the subsequent removal of adhered mortar from
the surface of the Recycled Concrete Aggregate (RCA)
particles. Acid treatments are utilized to augment the
properties of RCA, thereby enhancing its applicability in
concrete-related endeavors.
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Chemical Modifications of Recycled Concrete Aggregate

During acid treatment, the acid interacts with the calcium
silicate hydrates (C-S-H) and calcium hydroxide (Ca(OH)2)
phases found in the cement paste adhered to the aggregate
particle surfaces.

B. Reaction with HCL:

In the case of hydrochloric acid (HCI), the primary reaction
involves the dissolution of calcium carbonate (CaCOs3) and
calcium hydroxide (Ca(OH),) as per the following chemical
equations:

Dissolution of calcium carbonate:

CaCOs3 (s) + 2HCI (aq) — CaCl, (aq) + CO2 (g) + H20 (1)
Dissolution of calcium hydroxide:

Ca(OH); (s) + 2HCI (aq) — CaCl; (aq) + 2H20 (1)

These reactions result in the release of carbon dioxide gas
(CO2) and water (H20), along with the formation of calcium
chloride (CaCly), which is soluble in water and can be washed
away from the RCA particles.

C. Reaction with H2SO4:

When sulphuric acid (H.SO4) reacts with the cementitious
materials in the mortar adhered to the RCA particles, leading
to the dissolution of calcium hydroxide and calcium
aluminate hydrates. The reactions involving sulfuric acid are
as follows:

Dissolution of calcium hydroxide:

Ca(OH); (s) + H2S04 (aq) — CaS0s4 (aq) + 2H20 (1)
Dissolution of calcium aluminate hydrates:
Ca3AlI2(Si04)3.xH20 (s) + H2S04 (aq) — 3 CaSOs4 (aq) +
Aly(SiO4)3 () + xH20(1)

I1. LITERATURE REVIEW

Tang et al., 2019, [1] utilized a 0.5 M solution of sulfuric
acid (H2S04) to treat recycled concrete aggregate (RCA) by
pre-soaking it for 24 hours while intermittently shaking it
within the acidic solution. Subsequently, to eliminate any
residue from the acidic solution, the treated RCA underwent
washing and immersion in water for an additional 24 hours.
The outcomes post-treatment revealed a 10% decrease in
water absorption compared to untreated RCA.

Kim et al.,, 2018, [2] investigated the impact of acid
treatment on recycled concrete aggregate (RCA) by
subjecting it to hydrochloric acid (HCI) and sodium sulfate
(Na2S04) in an acidic solution. The ratio of aggregate to acid
was maintained at 1:4.5, corresponding to a concentration of
1.2 M, with immersion for 48 hours. Additionally, the
solution was replenished after 12 hours of pre-soaking. The
findings indicated a reduction of 38.6% for HClI-treated RCA
and 34.9% for Na2SO4-treated.

Wang et al., 2017, [3] conducted an experiment where the
recycled concrete aggregate (RCA) was pre-soaked in acetic
acid (CH3COOH) solutions at ambient temperature, with
varying acid concentrations (1%, 3%, 5%), and immersion
durations (1, 3, and 5 days). The study revealed a reduction
in water absorption ranging from 9% to 19% across all RCA
samples. Notably, the RCA treated with 1% acetic acid
exhibited the lowest water absorption performance. The
authors attributed the increased water absorption in RCA
treated with higher concentrations of acetic acid to the
formation of more pores in the treated samples. This pore
formation is believed to result from the dissolution of
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hydration products and potentially some non-acidic materials
present in the acetic acid solution.

Saravankumar et al.,, 2016, [4] investigated the
enhancement of water absorption in recycled concrete
aggregate (RCA) by treating it with hydrochloric acid (HCI),
sulfuric acid (H2SO4), and nitric acid (HNO3) at a
concentration of 0.1 M. After pre-soaking the RCA for 24
hours, the study revealed improvements in water absorption
of 10%, 11%, and 13% for HCIl, HNO3, and H2SO4
treatments, respectively.

H.K.A. Al-Bayati, P.K. Das, S.L. Tighe, H. Baaj, 2016, [5]
immersed recycled concrete aggregate (RCA) in acid
solutions, specifically hydrochloric acid (HCI) with a purity
of 37% and acetic acid (C2H402) with a purity of 99.7%,
both at a concentration of 0.1 M, for a duration of 24 hours at
ambient temperature. The findings indicated that the
treatment with HCI was more effective compared to acetic
acid treatment.

Pandurangan et al., 2016, [6] conducted experiments
involving concrete mixes incorporating recycled concrete
aggregate (RCA) to evaluate the pull-out force between steel
and concrete. The mixing ratio by weight adhered to the ACI
method 1:2.18:2.82 (cement: sand: gravel), with a cement
content of 380 kg/m3 and a water-to-cement (w/c) ratio of
0.45 for concrete class M35. The replacement ratio of RCA
was 91.5%. The findings revealed that the compressive
strength improved upon treating the recycled aggregates,
reaching over 95% of the strength achieved by concrete
containing only natural aggregates (NA).

Al-Bayati et al., 2016, [5] conducted an examination of the
impact of acidic solutions, including hydrochloric acid (HCI)
and acetic acid (C2H402), on recycled concrete aggregate
(RCA). The treatment involved immersing the RCA in
solutions with a concentration of 0.1 M for a duration of 24
hours. The results demonstrated a reduction in water
absorption of 4.22% for HCI and 4.33% for C2H40O2-treated
RCA. Purushothaman et al.,2014, [7][12][13][14] conducted
experiments on recycled concrete aggregate (RCA), treating
it with hydrochloric acid (HCI) and sulfuric acid (H2SO4) at
a concentration of 0.1 M. The RCA, which was divided into
five particle sizes (20.0, 16.0, 12.5, 10.0, and 4.75 mm), was
pre-soaked for 24 hours. The results revealed a reduction in
water absorption of 41% and 58% for HCI and H2SO4
treatments, respectively, compared to untreated RCA.

Ismail and Ramli, 2013, [8][10][11] investigated the
immersion of recycled concrete aggregate (RCA) in low
concentrations of hydrochloric acid (HCI), specifically at 0.1
M, 0.5 M, and 0.8 M, along with varying pre-soaking
durations of 1, 3, and 7 days, aiming to enhance the
characteristics of RCA. The findings indicated a reduction in
water absorption ranging from 1% to 28%. Notably, more
significant reductions were evident at concentrations of 0.5
M and 0.8 M, particularly with smaller RCA particle sizes.
Moreover, the study concluded that the duration of pre-
soaking in the acidic solution did not significantly influence
the reduction in water absorption of RCA.
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V.W.Y. Tam, C.M. Tam, K.N. Le, 2007, [9] conducted an
extensive investigation into the removal of residual mortar on
recycled concrete aggregate, employing three acids:
hydrochloric acid (HCI), sulfuric acid (H2SO4), and
phosphoric acid (H3PO4). The recycled concrete aggregate
was pre-soaked in a 0.1 M acid solution for 24 hours at 20°C,
followed by rinsing with water to eliminate traces of sulphate
(SO4-), chloride (Cl-), and phosphate (PO4) from the
aggregate. The levels of SO4- and CI- remained within
specified limits. Furthermore, the mechanical properties of
recycled concrete produced from the treated aggregate
exhibited significant improvement.

I11. OBJECTIVES

This review paper aims to comprehensively analyze the
physical properties of RCA, focusing on its structural,
mechanical, and durability characteristics. Additionally, it
seeks to evaluate chemical treatments employed to enhance
these properties, thereby elucidating their effectiveness in
improving the overall quality of RCA. Furthermore, the paper
intends to investigate the strength properties of concrete
mixtures incorporating modified RCA, to provide insights
into the feasibility and sustainability of utilizing modified
RCA in concrete construction applications.

IV. METHODOLOGY

A. Materials

o In our project, we have utilized Ordinary Portland
Cement (OPC) of grade 53, which adheres to the
specifications outlined in IS 12269-1987 and possesses a
specific gravity of 3.14.

. River sand conforming to 1S: 383 zone-2
specifications has been employed, exhibiting specific gravity
and water absorption values of 2.52 and 1.21%, respectively.
. The coarse aggregate utilized in this project
possesses a specific gravity of 2.85 and a water absorption
rate of 0.60%.

. The RCA used in this study has a specific gravity of
1.98 and a water absorption rate of 3.29%. Sourced from a
demolished building in Kamla Nagar, Agra, the RCA
underwent careful collection, where concrete lumps were
manually broken down into smaller fragments and sieved to
achieve a particle size between 10 to 20mm.

B. Mix Proportion

In accordance with IS code 10262-2019, a concrete mix
tailored for M30 grade was formulated, featuring a water-
cement ratio of 0.48. The proportions of constituent elements
for the mix are delineated in Table 1.

Table 1: Mix Proportion

Concrete Grade M30
WI/C Ratio 0.48
Cement (kg/m®) 411
Sand (kg/m®) 627
Coarse Aggregate (kg/m®) 1177
Water (kg/m?®) 197
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C. Process of Obtaining RCA
Demolished building concrete was taken from a site

3

They were crushed into smaller pieces with the help of a

hammer
4

The moisture is removed and dried well in an oven

4

Aggregates were separated into different sizes through the

sieve analysis

Pretreatment methods for improving the properties of RCA

$

Tests on modified recycled aggregates

D. Pretreatment Method and Technique for
Improving the Properties of RCA

The modification approach involving acid treatment for
recycled concrete aggregates sourced from waste concrete
relies on the chemical interaction between acidic solutions
and the recycled aggregates. Hydrochloric acid, sulfuric acid,
acetic acid, phosphoric acid, and similar acidic solutions are
commonly employed for acid washing. These acidic solutions
undergo a chemical reaction with substances adhering to the
surface of recycled aggregates, such as cementitious
materials and pollutants. This reaction results in their
dissolution or detachment, effectively eliminating surface
adherents. Here, we have utilized hydrochloric and sulfuric
acid for the dissolution of the mortar layer adhered to the
aggregate.

=
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Figure 1 Chemical Reaction Between RCA and Acids

N2y

Figure 2 Impurities Left Illustrating the Removal of Adhered
Mortar From RCA

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


https://www.openaccess.nl/en/open-publications
http://doi.org/10.35940/ijese.G9900.12060724
http://www.ijese.org/

Chemical Modifications of Recycled Concrete Aggregate

Figure 3 Chemically Treated RCA after 48 hours: H2SO4 (Left
Pan), HCI (Right Pan)

The acid treatment modification method proves to be
effective in removing cementitious materials and pollutants,
enhancing particle shape, and increasing active sites and
chemical reactivity on the surface of recycled aggregates. It
also improves their bonding capability and interaction with
the cementitious matrix.

E. Experimental Procedure
a. Aggregate Crushing Value

The aggregate crushing value provides a measure of
resistance to crushing under a gradually applied compressive
load. Choosing aggregates with low aggregate crushing value
is crucial for high-quality pavement. As per Indian Standard
(IS) and Indian Road Congress (IRC) specifications, the
aggregate crushing value for coarse aggregates used in
cement concrete pavement surfaces should not exceed 30%.
Likewise, for concrete applications other than wearing
surfaces, the aggregate crushing value should not exceed
45%.

b. Aggregate Impact Value

Toughness refers to a material's capacity to withstand
impact. As vehicles traverse roads, aggregates endure
impacts, leading to fragmentation. Hence, aggregates require
ample toughness to endure impact-induced disintegration, a
trait evaluated through the impact value test. This
examination gauges the resilience or shock resistance of
coarse aggregates, critical for assessing their viability in road
construction under dynamic loading conditions. It's
imperative that aggregates used in road surfaces and bases
endure repeated impact stresses without significant
deterioration. The impact value test enables engineers and
construction experts to ascertain the ability of coarse
aggregates to withstand fracturing under impact loads,
ensuring the longevity and robustness of road pavements.

c. Specific Gravity

Specific Gravity, defined as the ratio of an aggregate's
weight to that of an equivalent volume of water, plays a
crucial role in assessing material strength and quality.
Typically, aggregates characterized by low specific gravity
demonstrate weaker attributes in contrast to those exhibiting
higher specific gravity values. This metric assumes pivotal
importance in the evaluation of coarse aggregate quality and
density, thereby facilitating the formulation and evaluation of
concrete mixes tailored for various construction endeavors.

d. Water Absorption
The water absorption test for coarse aggregates is
performed to gauge their capacity to absorb water, crucial for
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assessing their appropriateness in concrete and construction
tasks. This examination yields valuable insights into the
porosity and permeability of the aggregates, both of which
can profoundly influence the characteristics and efficacy of
concrete blends. Aggregates exhibiting excessive water
absorption might result in drawbacks such as diminished
strength, heightened permeability, and potential durability
issues in concrete structures.

V. RESULTS AND DISCUSSION
Table 2: Physical Properties of Aggregate

Sr
no. Particulars Values
Recycled HCL H,SO,
Natural Concrete | treated | treated
Aggregate | Aggregate RCA RCA
Specific
1 Gravity 2.85 1.98 2.45 2.45
Water
2 Absorption 0.60 3.29 2.87 2.25
Impact
3 values 11.04 17.88 15.45 15.11
Crushing
4 values 18.10 34.28 30.60 28.65
. Specific gravity: The chemical treatment with

sulphuric acid and hydrochloric acid has resulted in a higher
specific gravity for the RCA compared to untreated RCA,
indicating increased strength of the aggregates. This outcome
from the chemical treatment is satisfactory.

. Water Absorption: RCA sourced from demolished
concrete comprises crushed stone aggregate with residual old
mortar adhering to it, leading to a water absorption rate of
about 3.29%, notably higher than that of natural aggregates.
However, post-treatment, there is a significant decrease in
water absorption, bringing it to a range that aligns closely
with natural aggregates. The most significant improvements
in water absorption are observed after treatment with H,SOa.
. Crushing and Impact Values: Recycled aggregate
exhibits relatively lower strength when subjected to various
mechanical forces compared to natural aggregate. According
to IS 2386 part (1V), the permissible limits for crushing and
impact values on concrete wearing surfaces are 30% and for
surfaces other than wearing surfaces, it's 45%. Remarkably,
the crushing and impact values of recycled aggregate fall
within the specified limits set by the Bureau of Indian
Standards (BIS). Consequently, based on the crushing and
impact test results, it is feasible to utilize recycled aggregate
for applications other than wearing surfaces. Moreover,
treating recycled concrete aggregate (RCA) with H2S04
yields more favourable outcomes in comparison to treatment
with HCI, indicating potential improvements in its properties
for various applications.

Table 3: 28-day Compressive Strength

Replacement of NA | 0% 10% 20% 30%
Untreated RCA 39.5 | 36.64 33.98 30.44
HCL treated RCA - 37.72 34.39 32.68
H2S04 treated RCA| - 37.99 34.78 33.20
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Figure 4: 28-day Compressive Strength

o Compressive strength: As expected, it appears that
the compressive strength of concrete incorporating recycled
concrete aggregate (RCA) tends to decrease as the percentage
of replacement of natural aggregate (NA) with untreated
RCA increases. However, when the RCA is treated with
either HCI or H,SO4, there seems to be an improvement in the
compressive  strength  compared to untreated RCA.
Specifically, for both HCI treated and H,SO4 treated RCA,
the compressive strength tends to increase in comparison to
untreated RCA.

o This suggests that the chemical treatment of RCA
has a positive effect on its performance in concrete mixtures,
potentially mitigating some of the negative impacts
associated with using untreated RCA. In conclusion, while
the replacement of NA with untreated RCA leads to a
decrease in compressive strength, the use of treated RCA,
particularly with HClI or H2SO04, shows potential for
improving the compressive strength of concrete mixtures.

VI. CONCLUSION

. Incorporating recycled aggregate up to 30% does not
compromise the structural functional requirements, as
indicated by the test results.

. Numerous tests performed on recycled aggregates,
along with a comparison to natural aggregates, align with the
standards outlined in IS 2386, affirming their satisfactory
performance after treatment.

. The use of recycled aggregate is viable for
applications other than wearing surfaces, as indicated by
crushing and impact test results. Notably, treatment with
H>SO4 leads to the most significant improvements in water
absorption, crushing, and impact values. Additionally, both
H,SO, and HCI treatments result in greatly improved
compressive strength at 7 and 28 days compared to untreated
RCA, suggesting their effectiveness in enhancing concrete
properties.

DECLARATION STATEMENT

This work is funded by DOST - ERDT, a
government scholarship grant.

No conflicts of interest to the best of our
knowledge.

No, the article does not require ethical
approval and consent to participate with
evidence.

Funding

Conflicts of Interest

Ethical Approval and
Consent to Participate

Availability of Data and

Material Not relevant.

All authors have equal participation in this

Authors Contributions .
article.

Retrieval Number: 100.1/ijese.G990013070624
DOI: 10.35940/ijese.G9900.12060724
Journal Website: www.ijese.org

11

International Journal of Emerging Science and Engineering (1JESE)

ISSN: 2319-6378 (Online), Volume-12 Issue-7, June 2024

REFERENCES

1.

10.

11.

12.

13.

14.

A. J. Tang, R. De Jesus, and A. Cunanan, “Microstructure And
Mechanical Properties Of Concrete With Treated Recycled
Concrete Aggregates,” Geomate Journal, vol. 16, no. 57, pp. 21-27,
2019, doi: 10.21660/2019.57.4537.
https://doi.org/10.21660/2019.57.4537

Y. Kim, A. Hanif, S. M. S. Kazmi, M. J. Munir, and C. Park, “Properties
enhancement of recycled aggregate concrete through pretreatment of
coarse aggregates — Comparative assessment of assorted techniques,” J
Clean Prod, wvol. 191, pp. 339-349, Aug. 2018, doi:
10.1016/J.JCLEPRO.2018.04.192.
https://doi.org/10.1016/j.jclepro.2018.04.192

L. Wang, J. Wang, X. Qian, P. Chen, Y. Xu, and J. Guo, “An
environmentally friendly method to improve the quality of recycled
concrete aggregates,” Constr Build Mater, vol. 144, pp. 432-441, Jul.
2017, doi: 10.1016/J.CONBUILDMAT.2017.03.191.
https://doi.org/10.1016/j.conbuildmat.2017.03.191

P. Saravanakumar, K. Abhiram, and B. Manoj, “Properties of treated
recycled aggregates and its influence on concrete strength
characteristics,” Constr Build Mater, vol. 111, pp. 611-617, May 2016,
doi: 10.1016/J.CONBUILDMAT.2016.02.064.
https://doi.org/10.1016/j.conbuildmat.2016.02.064

H. K. A. Al-Bayati, P. K. Das, S. L. Tighe, and H. Baaj, “Evaluation of
various treatment methods for enhancing the physical and
morphological properties of coarse recycled concrete aggregate,” Constr
Build Mater, wvol. 112, pp. 284-298, Jun. 2016, doi:
10.1016/J.CONBUILDMAT.2016.02.176.
https://doi.org/10.1016/j.conbuildmat.2016.02.176

K. Pandurangan, A. Dayanithy, and S. Om Prakash, “Influence of
treatment methods on the bond strength of recycled aggregate concrete,”
Constr Build Mater, vol. 120, pp. 212-221, Sep. 2016, doi:
10.1016/J.CONBUILDMAT.2016.05.093.
https://doi.org/10.1016/j.conbuildmat.2016.05.093

R. Purushothaman, R. R. Amirthavalli, and L. Karan, “Influence of
Treatment Methods on the Strength and Performance Characteristics of
Recycled Aggregate Concrete,” Journal of Materials in  Civil
Engineering, vol. 27, no. 5, p. 04014168, Aug. 2014, doi:
10.1061/(ASCE)MT.1943-5533.0001128.
https://doi.org/10.1061/(ASCE)MT.1943-5533.0001128

S. Ismail and M. Ramli, “Engineering properties of treated recycled
concrete aggregate (RCA) for structural applications,” Constr Build
Mater, vol. 44, pp. 464-476, Jul. 2013, doi:
10.1016/J.CONBUILDMAT.2013.03.014.
https://doi.org/10.1016/j.conbuildmat.2013.03.014

V. W. Y. Tam, C. M. Tam, and K. N. Le, “Removal of cement mortar
remains from recycled aggregate using pre-soaking approaches,” Resour
Conserv Recycl, vol. 50, no. 1, pp. 82-101, Mar. 2007, doi:
10.1016/J.RESCONREC.2006.05.012.
https://doi.org/10.1016/j.resconrec.2006.05.012

Ramesh, G. (2021). Green Concrete: Environment Friendly Solution. In
Indian Journal of Design Engineering (Vol. 1, Issue 2, pp. 13-20).
https://doi.org/10.54105/ijde.b8007.081221

Yergol, Mr. R., & Shastri, Dr. L. (2021). Strength Characteristic of
Recycled Aggregate with Silica Fume as Admixture. In International
Journal of Innovative Technology and Exploring Engineering (Vol. 10,
Issue 4, pp. 243-246). https://doi.org/10.35940/ijitee.d8549.0210421
Manasa, S., Bhaskar, M. U., & Kumar, G. N. (2019). Performance of
Recycled Aggregate Concrete for M25 Grade Concrete. In International
Journal of Engineering and Advanced Technology (Vol. 9, Issue 2, pp.
4694-4700). https://doi.org/10.35940/ijeat.n5130.129219

Siva, M., & Vianneys, J. (2019). Development of Modified Recycled
Aggregate for the Production of Sustainable Concrete. In International
Journal of Recent Technology and Engineering (IRTE) (Vol. 8, Issue
3, pp. 8614-8618). https://doi.org/10.35940/ijrte.c6446.098319
Ibrahim, W., & Zamrawi, A. (2021). Fire Behavior of RC Flat Slabs
Containing Recycled Ceramic Aggregate. In International Journal of
Advanced Engineering and Nano Technology (Vol. 4, Issue 2, pp. 1-5).
https://doi.org/10.35940/ijaent.b0425.024220

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


https://www.openaccess.nl/en/open-publications
http://doi.org/10.35940/ijese.G9900.12060724
http://www.ijese.org/
https://doi.org/10.21660/2019.57.4537
https://doi.org/10.1016/j.jclepro.2018.04.192
https://doi.org/10.1016/j.conbuildmat.2017.03.191
https://doi.org/10.1016/j.conbuildmat.2016.02.064
https://doi.org/10.1016/j.conbuildmat.2016.02.176
https://doi.org/10.1016/j.conbuildmat.2016.05.093
https://doi.org/10.1061/(ASCE)MT.1943-5533.0001128
https://doi.org/10.1016/j.conbuildmat.2013.03.014
https://doi.org/10.1016/j.resconrec.2006.05.012
https://doi.org/10.54105/ijde.b8007.081221
https://doi.org/10.35940/ijitee.d8549.0210421
https://doi.org/10.35940/ijeat.b5130.129219
https://doi.org/10.35940/ijrte.c6446.098319
https://doi.org/10.35940/ijaent.b0425.024220

Chemical Modifications of Recycled Concrete Aggregate

AUTHORS PROFILE

Mr. Sankalp Kaushik is currently a Graduate Engineer
Trainee in the Operations & Maintenance Department at
JSW Energy, Gujarat. He holds a degree in civil
engineering from Dayalbagh Educational Institute, Agra.
Previously, he gained 5 months of experience as a trainee
engineer during an internship at Shree Riddhi Siddhi
Buildwell Ltd., where he worked on-site.

Mr. Pravindra Singh Bhan is currently working as an
Assistant  Professor in the Department of Civil
Engineering, Faculty of Engineering Dayalbagh
Educational Instutute, Agra. He has more than 5 years in
teaching and research experience. His teaching is devoted
to Design of Steel structure, Soil Mechanics & Foudation
Engineering,Sustainable & Green building and Hydrology in undergraduate
studies. His research interests include Geotechnical engineering, Soil
dynamics, Liquefaction, Numerical Modeling. he was also worked in Border
Road Organisation under Ministry of Defense as a Road construction
Engineer for 1 year.

Disclaimer/Publisher’s Note: The statements, opinions and
data contained in all publications are solely those of the
individual author(s) and contributor(s) and not of the Blue
Eyes Intelligence Engineering and Sciences Publication
(BEIESP)/ journal and/or the editor(s). The Blue Eyes
Intelligence Engineering and Sciences Publication (BEIESP)
and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods,
instructions or products referred to in the content.

Retrieval Number: 100.1/ijese.G990013070624
DOI: 10.35940/ijese.G9900.12060724
Journal Website: www.ijese.org

12

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://doi.org/10.35940/ijese.G9900.12060724
http://www.ijese.org/

