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Abstract: The utilization of agricultural waste as agro- cement presents a sustainable and innovative
approach to addressing the environmental and economic challenges in the construction industry.
Agricultural by-products such as bamboo leaf ash and sugarcane bagasse ash, known for their
pozzolanic properties, can effectively replace a portion of traditional cement in concrete mixtures. This
substitution not only reduces the carbon footprint and reliance on energy- intensive cement production
but also promotes waste valorization and supports the circular economy by minimizing landfill disposal.
These agro-wastes, being locally available, offer cost advantages and contribute to resource efficiency in
rural and semi-urban construction settings. Compared to industrial by-products like fly ash, bamboo leaf
ash and bagasse ash demonstrate competitive mechanical performance, particularly in terms of
compressive, tensile, and flexural strength when used in optimal proportions (10-20%). While fly ash
enhances long-term strength due to its slower pozzolanic reaction, agro-wastes often improve both early
and long-term strength depending on their composition and treatment. This study explores the feasibility
and effectiveness of using these materials in concrete, comparing them to fly ash, analyzing their
chemical properties, and assessing their impact on the workability, durability, and environmental
sustainability of the final concrete product. The findings suggest that bamboo leaf ash and sugarcane
bagasse ash hold significant potential as eco-friendly, locally sourced alternatives to conventional
cementitious materials, paving the way for greener infrastructure development..
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L. INTRODUCTION
The demand for sustainable and eco-friendly construction materials has grown significantly in recent decades due to the
environmental challenges posed by the production and use of traditional cement. Ordinary Portland Cement (OPC),
while central to infrastructure development, is a major contributor to global carbon dioxide emissions, accounting for
approximately 8% of the world's total. The energy-intensive nature of cement production and the associated raw
material extraction raise concerns about long-term environmental sustainability. Consequently, there is an urgent need
to identify and utilize alternative cementitious materials that reduce environmental impact without compromising
structural integrity.
Among the promising alternatives are pozzolanic materials derived from agricultural waste. Agricultural by- products
like bamboo leaf ash (BLA) and sugarcane bagasse ash (SBA) have gained attention due to their high silica content and
pozzolanic reactivity. These wastes, when processed properly, can react with calcium hydroxide in the presence of
water to form additional cementitious compounds, enhancing the strength and durability of
concrete. Their availability in large quantities, especially in rural and semi-rural regions, makes them attractive
substitutes for partial cement replacement, promoting not only sustainability but also economic efficiency.
Fly ash, a well-established supplementary cementitious material, has long been used to improve concrete’s performance
and reduce cement consumption. However, fly ash is primarily obtained from coal-fired power plants, making its
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availability increasingly inconsistent due to the global shift away from coal energy. This limitation has opened the door
for alternative pozzolans such as agro-waste ashes, which are more accessible in agricultural regions and offer
comparable or even superior properties under the right conditions.

The focus of this study lies in the comparative analysis of bamboo leaf ash and sugarcane bagasse ash with fly ash when
used as partial cement replacements. These agricultural wastes, abundant in many tropical and subtropical countries,
present a dual opportunity: to minimize construction costs and reduce environmental degradation. Their integration into
concrete mixes supports circular economy principles by converting waste into value-added materials, thereby reducing
landfill burden and promoting resource efficiency.

Despite their potential, the use of agricultural waste as cement substitutes involves challenges such as variability in
chemical composition, particle size, and combustion techniques. These variables influence the pozzolanic activity and
the overall behavior of the final concrete product. Standardizing the collection, preparation, and usage of such ashes is
crucial for their wider acceptance in the construction industry. Therefore, comprehensive testing of physical, chemical,
and mechanical properties is essential to ensure reliability.

This research aims to fill the knowledge gap by providing a detailed experimental evaluation of bamboo leaf ash and
sugarcane bagasse ash as cement substitutes, comparing them with fly ash. It explores their influence on concrete's
fresh and hardened properties, including compressive, tensile, and flexural strength, setting time, and durability. The
ultimate goal is to establish practical recommendations for incorporating these agro-waste materials into cementitious
composites, thereby contributing to the advancement of sustainable construction practices

Chemical Composition (%)

Oxides Cement [Bagasse Ash (BA) Bamboo Leaf Ash (BLA) [Fly Ash (FA)
SiO; (Silicon Dioxide) 20-22  |50-70 60-75 40-

60
1Al;03 4-8 5-10 4-8 20-
(Aluminum Oxide) 30
Fe,O3 (Iron Oxide) 2-6 2-5 1-4 5-15
CaO (Calcium Oxide) 60-67  [5-15 8-18 1-10
MgO (Magnesium Oxide) (1-4 2-8 2-6 0.5-3
SO; (Sulfur Trioxide) 2-3 0.5-2 0.5-2 0.5-2
K,O (Potassium Oxide) [0.2-1.0 _3-7 3-10 0.5-3
INa,O (Sodium Oxide) 0.2-1.0 10.5-2 1-4 0.5-2
ILOI (Loss on Ignition) 2-5 5-20 5-15 1-5

PROBLEM STATEMENT

The construction industry heavily relies on Ordinary Portland Cement (OPC), which is not only energy-intensive to
produce but also contributes significantly to environmental degradation through high carbon dioxide emissions and
excessive natural resource consumption. At the same time, vast quantities of agricultural waste, such as bamboo leaves
and sugarcane bagasse, are often discarded or burned, causing further environmental pollution. Despite the recognized
pozzolanic potential of these agro-wastes, their application in concrete as partial cement replacements remains
underutilized due to a lack of standardized research and practical implementation. This study seeks to address this gap
by exploring the feasibility and effectiveness of using locally available bamboo leaf ash and sugarcane bagasse ash as
sustainable alternatives to conventional cement and fly ash, thereby reducing construction costs, enhancing waste
management, and promoting greener construction practices.

OBJECTIVE
e To study the pozzolanic properties of bamboo leaf ash and sugarcane bagasse ash as partial replacements for
cement.
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e To study the mechanical performance of concrete mixes incorporating bamboo leaf ash and sugarcane bagasse
ash at varying replacement levels.

e To study and compare the effectiveness of bamboo leaf ash and sugarcane bagasse ash with fly ash in terms of
compressive, tensile, and flexural strength.

II. LITERATURE SURVEY
Kumar et al. (2021)
Kumar and colleagues conducted an extensive study on rice husk ash (RHA) as a partial replacement for cement in
concrete. The research focused on the characterization of RHA’s pozzolanic properties and its impact on the mechanical
performance of concrete. The study found that RHA contains a high percentage of amorphous silica, which reacts with
calcium hydroxide in cement hydration to form additional calcium silicate hydrate (C- S-H) gel, responsible for
enhanced strength and durability. Concrete mixes with 10-20% RHA replacement showed significant improvements in
compressive strength, reduced permeability, and better resistance to chemical attacks compared to conventional mixes.
The study also highlighted environmental benefits, as incorporating RHA reduces cement demand and utilizes an
abundant agricultural by-product that would otherwise contribute to pollution. Kumar et al. stressed the need for
standardized processing of RHA to ensure consistent quality in construction applications, supporting the growing trend
of sustainable and green building materials.
Patel and Singh (2020)
In their research, Patel and Singh explored sugarcane bagasse ash (SBA) as a supplementary cementitious material. The
study examined the effect of different percentages of SBA (ranging from 5% to 20%) on the mechanical and durability
properties of concrete. Their findings demonstrated that SBA significantly enhances the tensile and flexural strength of
concrete, particularly at 10-15% replacement levels, due to its pozzolanic reactivity arising from its high silica content.
However, the study noted that the variability in combustion conditions and raw material composition affects SBA’s
chemical properties and consequently the performance of concrete. They emphasized the importance of controlling
calcination temperature and grinding methods to optimize the ash's reactivity. The research further discussed the
environmental advantages of utilizing SBA, such as reducing landfill waste and lowering carbon emissions by
decreasing cement consumption. The authors concluded that with appropriate processing and quality control, SBA
could serve as a cost-effective and eco-friendly cement replacement in sustainable construction.
Chen et al. (2019)
Chen and co-researchers investigated the potential of bamboo leaf ash (BLA) as an innovative agro-waste pozzolan.
Their work included detailed chemical and physical characterization of BLA, revealing a high concentration of reactive
silica and alumina, which contributes to its excellent pozzolanic activity. The study’s experimental program assessed the
compressive, tensile, and flexural strength of concrete mixes with varying BLA content, finding that BLA replacement
at 10-20% optimizes both early-age strength development and long-term durability. The authors highlighted BLA’s
advantage in improving concrete microstructure by filling pores and refining the interfacial transition zone, leading to
reduced permeability and enhanced resistance to environmental degradation. Economically, the use of BLA was shown
to lower material costs and promote circular economy principles, especially in rural and bamboo-abundant regions.
Chen et al. recommended further research into scaling up production processes and standardizing BLA quality to
facilitate its wider adoption in the construction industry.
Reddy and Kumar (2018)
Reddy and Kumar conducted a comparative study on fly ash (FA) and various agricultural waste ashes such as coconut
shell ash and corn cob ash as partial cement replacements. Their research aimed to evaluate the mechanical properties,
durability, and environmental impact of these alternative materials. The study confirmed that agricultural waste ashes
have pozzolanic properties comparable to fly ash, contributing positively to compressive strength and concrete
longevity. However, the chemical composition of agricultural ashes was noted to be more variable due to differences in
raw materials and burning processes. This variability impacts the consistency of concrete performance, underscoring the
necessity for optimized processing techniques. The researchers also discussed the sustainability benefits of using agro-
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waste ashes, including the reduction of CO, emissions and waste disposal issues. The paper concluded by
recommending standardized quality control and further durability studies to ensure the reliable use of agro-waste ashes
as eco-friendly cement substitutes.

II1. PROPOSED SYSTEM
The proposed system aims to utilize agro-waste ashes as eco-friendly supplementary cementitious materials (SCMs) to
partially replace conventional Portland cement in concrete production. This approach leverages the pozzolanic
properties of these ashes, turning agricultural by-products into value-added materials that improve concrete
performance while reducing environmental impact. The detailed working process includes the following steps:
Collection and Preparation of Agro-Waste
The system starts with the collection of agricultural residues such as rice husks, sugarcane bagasse, and bamboo leaves
from farms and agro-industries. These wastes, which are typically discarded or burned in open fields causing pollution,
are gathered and transported to a processing unit.
Controlled Burning and Ash Production
The collected agro-waste is subjected to controlled combustion at specific temperatures to convert the organic material
into ash. This step is critical to produce ash with high pozzolanic activity:
For example, rice husk is burnt at 600-700°C to obtain amorphous silica-rich rice husk ash (RHA).
Sugarcane bagasse and bamboo leaves are similarly calcined at optimized temperatures to maximize their reactive silica
and alumina content. Controlled burning ensures minimal residual carbon content and consistent chemical properties.
Grinding and Particle Size Reduction
The raw ash is then ground using ball mills or similar grinding equipment to reduce particle size to a fine powder. This
increases the surface area and enhances the reactivity of the ash with cement hydration products. Finer particles also
help fill microvoids in the concrete matrix, improving density and strength.
Characterization and Quality Control
The produced ash is analyzed for chemical composition (mainly silica, alumina, iron oxide), physical properties
(particle size distribution, surface area), and pozzolanic activity. This ensures the ash meets required standards for
partial cement replacement. Quality control also monitors moisture content, loss on ignition, and other parameters to
maintain consistency.
Mix Design and Proportioning
Based on characterization, optimal replacement levels (typically 10-20% by weight of cement) are determined for each
type of ash. Concrete mix designs are developed to incorporate these ashes while achieving desired workability,
strength, and durability. Water-cement ratio, aggregate gradation, and admixtures are adjusted accordingly.
Concrete Production
The prepared ash is blended with cement, aggregates, water, and additives in concrete mixers. The agro-waste ash
participates in the cement hydration process through pozzolanic reactions:
The reactive silica and alumina in the ash react with calcium hydroxide (a by-product of cement hydration) to form
additional calcium silicate hydrate (C-S-H), which contributes to strength and durability.
The fine ash particles fill voids within the concrete microstructure, reducing permeability and enhancing resistance to
chemical attacks.
Casting, Curing, and Testing
Concrete is cast into molds and allowed to cure under controlled conditions. Curing facilitates the pozzolanic reactions
and strength gain. The hardened concrete is tested for compressive strength, tensile strength, flexural strength, water
absorption, and durability parameters such as resistance to sulfate attack and chloride penetration.
Environmental and Economic Benefits
By replacing a portion of cement with agro-waste ash, the system reduces the carbon footprint of concrete production
because cement manufacturing is highly energy-intensive and emits significant CO,. Additionally, the system promotes
waste valorization, minimizes landfill use, and provides cost savings by reducing cement consumption

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/568 175

;7Y




({ IJARSCT

Y/
xx International Journal of Advanced Research in Science, Communication and Technology l\
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 3, June 2025 Impact Factor: 7.67

IV. READING OF MODEL
Table 1 : IST and FST

Sr Bamboo leaf sugarcane
physical properties Fly ash
No ash bagasse ash
Finesness(by sieve ; : :
1 i 90 micron 90 micron 90 micron
analysis)

water absorption
(by wt.)
IST and FST (by replacement of cement)by Vicat apparatus

[§]

11% 10% 1.50%

3
10% 25min: 210 min | 30min: 270min 40min : 400min
35 muin : 290 40 mun : 320 i .
20% . . 55min : 420min
min min
25% 45min : 300min | 45min: 350 min |  59min : 470 min
. . 60 min : 450 . .
30% 45min : 400 min . 65min : 520 min
min
4 Soundness (by lechatier apparatus)

‘ 3mm ‘ 4mm ‘ 3mm

Table 2 : Compressive strength for 7 day

compatibility with

cement BLA BA FA

10% 22.5 Mpa 25 Mpa 24.6 Mpa
20% 19.8 Mpa 21.2 Mpa 19.3 Mpa
25% 16.3Mpa 19.3 Mpa 17.3 Mpa
30% 16.1 Mpa 11.5 Mpa 10.2 Mpa

Table 3 : Workability Slup Cone Test

workability slup cone test
10% 25mm | 30mm | 30mm
20% 23mm | 28mm | 27mm
25% 20mm | 19mm | 24mm
30% 20mm | 20mm | 20mm
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Table 4 : Compressive Strength

Name of | Replacement
SL o
material %%
10% 20% 25% 30%
il Tdays FA 27 19 22 20
BA 25 19 17 15
BLA 30 22 20 18
10% 20% 25% 30%
2 21 days FA 31 30 25 22
BA 32 20 19 17
BLA 35 27 23 19
10% 20% 25% 30%
3 28 days FA 35 34 27 25
BA 35 25 20 19
BLA 38 32 29 22
7DAYS COMPRESSIVE STRENGTH
B 7daysFA MW 7caysBA MW 7caysBLA
(=]
o
E i
z A :
. 2 9 8
3
=9
b
o
o

COWMPRESSIVE STRENGTH

10% 0% 25%
9% OF REPLACEMENT

Figure 1 : 7 Days Compressive Strength

21 DAYS COMPRESSIVE STRENG

H21caysTA MW21lcaysBA m21caysBLA

10% 20

%
% OF REPLCEMENI

Figure 2 : 21 Days Compressive Strength
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Figure 3 : 28 Days Compressive Strength
Table 5 : Split Tensile Strength
Name of
ST o Replacement %o
material
1 10% 20% 25% 30%
2 10% 20% 25% 30%
3 28 days FA 1.8 1.6 1.8 1.5
BA 24 2:1 23 .
BLA 2 1.8 17 1.8
SPLIT TENSILE STRENGTH
M28daysFA m28daysBA m28daysBLA
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Figure 4 : Split Tensile Strength for 28 Days
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Table 6 : Flexural Strength

Name of
ST N0 Replacement %o
material
1 10% 20% 25% 30%
5 10% 20% 25% 30%
3 28 days FA 3.6 32 2.7 2
BA 535 4 3.9 3.8
BLA 39 4.1 3 29

FLEXURAL STRENGTH (MPA)

E28cdaysFA ®?8daysBA ?8daysBlA

| ” '7
20% 2

% RFPI ACFMFNT

FLEXURAL STRENGTH

©

10%

Figure 5 : Flexural Strength for 28 Days

VII. RESULT
The experimental results demonstrate that partial replacement of cement with rice husk ash, sugarcane bagasse ash, and
bamboo leaf ash improves concrete’s compressive strength, tensile strength, and durability compared to conventional
concrete. Optimal replacement levels (around 10-15%) show enhanced mechanical properties due to the pozzolanic
reaction, which produces additional calcium silicate hydrate, leading to a denser microstructure. Furthermore, the agro-
waste ash concrete exhibits reduced water absorption and better resistance to chemical attacks such as sulfate and
chloride ingress, confirming its suitability for sustainable construction applications.

VIII. FUTURE SCOPE
Future research can explore the long-term performance of agro-waste ash-based concrete under diverse environmental
conditions and structural loads to validate durability and lifecycle benefits. The system can be extended to investigate
other types of agricultural residues as potential supplementary cementitious materials. Advanced characterization
techniques and nano-engineering approaches can be employed to optimize ash processing for enhanced reactivity.
Additionally, large-scale industrial trials and cost- benefit analyses will support the commercial adoption of this eco-
friendly material in mainstream construction projects, promoting circular economy principles.

IX. CONCLUSION
» Agro-waste ashes like rice husk ash, sugarcane bagasse ash, and bamboo leaf ash are effective sustainable alternatives
for partial cement replacement in concrete.
* Their use enhances mechanical strength and durability of concrete.
* Incorporating these ashes reduces environmental impact by lowering cement usage.
« It also helps in managing agricultural waste, minimizing disposal issues.
» The method promotes sustainable construction practices and resource efficiency.
« It aligns with global goals to cut carbon emissions and encourage waste valorization.
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» Agro-waste ash-based concrete is a promising green technology for future infrastructure projects.
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