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ABSTRACT

The growing environmental concerns and the need
for sustainable construction materials have led to a
reevaluation of traditional concrete compositions.
This research investigates the feasibility and
performance of integrating bamboo fiber and
Manufactured Sand (Manufactured sand) as
substitutes for natural sand in concrete. The study
begins by assessing the mechanical, durability, and
structural properties of concrete when incorporating
bamboo fibers, renowned for their tensile strength
and eco-friendly characteristics. Additionally, the
use of M-Sand as a replacement for natural sand,
with varying percentages (50%, 60%, 70% and 80%)
in concrete mix design with 4% Bamboo fiber
streams as an admixture. The research involves a
comprehensive analysis of the composite material's
strength, workability, and long-term durability under
various environmental conditions. Laboratory
experiments and performance evaluations are
conducted to determine the optimal combination of
bamboo fiber and M-Sand in concrete mixtures,
considering factors such as compressive strength,
flexural strength, and resistance to abrasion. In this
experimental study, concrete cubes of M-20 and M-
25 grade were cast and subjected to various tests to
analyze properties such as compressive strength and
workability. The study spans a duration of 7, 28, and
90 days, examining both fresh and hardened
concrete  properties.  Furthermore, the study
investigates the impact of this innovative composite
on reducing carbon emissions associated with
traditional concrete production. The findings of this
research provide valuable insights into the viability
of bamboo fiber and manufactured sand integration
as a sustainable alternative to conventional concrete.

The potential benefits include enhanced mechanical
properties, reduced environmental impact, and the
promotion of eco-friendly construction practices.
This study reveals a notable increase in concrete
compressive strength with the use of Manufactured
sand, achieving maximum strengths. Additionally,
the incorporation of bamboo fiber enhances concrete
properties, preventing cracks and failures.

Keywords:-Alternative Materials, Bamboo fiber,
Manufactured sand, Sustainable Construction,
Natural Sand Substitute, Environmental Impact,
Mechanical  Properties, Durability,  Structural
Performance, Compressive Strength, Eco-friendly
Construction, Sustainable Building Materials.

INTRODUCTION

Concrete, a fundamental element in civil
engineering, plays a pivotal role in diverse
construction applications. However, the

environmental impact associated with the extraction
of natural sand has prompted the need for eco-
friendly alternatives. In this context, manufactured
sand emerges as a promising substitute, contributing
to the reduction of environmental strain.
Additionally, the incorporation of bamboo fiber
introduces a sustainable element to the concrete mix.
Bamboo, known for its rapid growth and
renewability, holds the potential to enhance the
mechanical properties of concrete while contributing
to the overall sustainability of construction
materials. Through a comprehensive analysis
encompassing various tests such as compression,
flexural, and fracture tests, this study seeks to
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elucidate the impact of bamboo fiber and
manufactured sand on the strength and durability of
concrete. The integration of these materials not only
addresses environmental concerns but also aims to
propose cost-effective alternatives, paving the way
for a sustainable evolution in construction practices.
This research endeavors to contribute to the ongoing
dialogue surrounding eco-conscious construction
methods, pushing the boundaries of traditional
practices in the pursuit of a more sustainable and
resilient future.

This research investigates the influence of
manufactured sand in concrete, examining variables
such as pure manufactured sand, a blend of natural
and manufactured sand, and bamboo fiber of varying
lengths (1 to 3 inches or 25 to 70 mm).
Compression, flexural, and fracture tests are
conducted to assess how different sand types affect
concrete strength. Concrete, a vital material in civil
engineering, holds significant importance in various
structures. The study aims to recommend locally
available materials like fiber and Manufactured sand
to enhance concrete properties and cut construction
costs. Tests target improvements in setting time,
workability, and compressive strength.
Manufactured sand, a river sand alternative,
addresses rising demand with advantages like local
availability, reduced transportation costs, and
potential dust-free characteristics, offering an
economical  solution for  construction and
contributing to controlled expenses. In today's
construction landscape, the surging demands for
concrete raises environmental and sustainability
concerns, prompting exploration of innovative
materials and practices. The depletion of natural
sand resources due to extensive mining activities has
prompted the exploration of alternative materials to
mitigate the adverse effects associated with
traditional concrete production. This thesis delves
into the innovative integration of bamboo fiber and
manufactured sand (Manufactured sand) as a viable

substitute  for natural sand, presenting a
comprehensive examination of the potential benefits
and challenges associated with this alternative
approach. The escalating environmental challenges,
including the depletion of natural sand deposits and
the ecological disturbances caused by extraction
activities, underscore the need for sustainable
solutions in the construction industry. Bamboo,
recognized for its remarkable tensile strength and
rapid renewability, has emerged as a promising
candidate for reinforcing concrete. Concurrently,
Manufactured sand, a byproduct of rock crushing,
has garnered attention as a sustainable alternative to
natural sand, addressing concerns related to its
scarcity and environmental impact.The primary
objective of this research is to assess the feasibility
and performance of bamboo fiber and Manufactured
sand integration in concrete, evaluating their impact
on the mechanical, durability, and structural
properties of the composite material. By exploring
this alternative formulation, the study aims to
contribute to the development of eco-friendly and
sustainable practices in concrete production.The
investigation begins with an in-depth review of the
existing literature on bamboo-reinforced concrete
and the utilization of Manufactured sand in
construction materials. This background analysis
provides insights into the historical context,
challenges, and successes in the integration of these
materials, laying the foundation for the experimental
phase of the research. Laboratory experiments and
performance evaluations form a crucial component
of this study. The concrete mixtures incorporating
varying proportions of bamboo fiber and
manufactured sand are subjected to rigorous testing,
including assessments of compressive strength,
flexural strength, workability, and abrasion
resistance. The global construction industry, an
integral driver of economic development, faces an
imperative shift towards sustainability. At the heart
of this transformation lies the exploration of
alternative materials and practices that can alleviate
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the environmental impact associated with traditional
construction  methodologies. Central to this
paradigm shift is the reassessment of concrete, a
ubiquitous construction material, given the mounting
concerns over the depletion of natural sand resources
and the ecological ramifications of its extraction.
Natural sand, a fundamental component of concrete,
is obtained through extensive mining operations,
leading to the degradation of ecosystems and the
depletion of valuable resources. This situation
necessitates a paradigm shift towards alternative
materials that are not only environmentally friendly
but also possess the requisite mechanical properties
to meet the rigorous demands of construction
applications. In response to this imperative, the
integration of bamboo fiber and manufactured sand
(Manufactured sand) emerges as a compelling
avenue for research and innovation. Bamboo, a
rapidly renewable resource with remarkable tensile
strength, offers a promising avenue for reinforcing
concrete structures. Its utilization in construction
materials has been explored in previous studies,
showcasing its potential to enhance the mechanical
properties of concrete while also contributing to
sustainable and eco-friendly building practices.
Concurrently, manufactured sand, a byproduct of
rock crushing, addresses concerns surrounding the
scarcity of natural sand and its impact on riverbed
ecosystems.  Its incorporation into  concrete
formulations is poised to provide a sustainable
alternative that aligns with the principles of circular
economy and resource efficiency. This thesis
represents a comprehensive investigation into the
integration of bamboo fiber and M-Sand in concrete
as a sustainable and environmentally responsible
alternative to traditional formulations. The research
endeavors to bridge the gap between theoretical
considerations and practical applications, addressing
critical aspects such as the mechanical performance,
durability, and structural behavior of the composite
material. The trajectory of this exploration is guided
by an extensive review of the existing literature,

encompassing  studies on  bamboo-reinforced
concrete, the properties of bamboo fibers, and the
utilization of M-Sand in construction materials. This
comprehensive  literature  review not only
contextualizes the research within the broader
landscape of sustainable construction but also
identifies gaps and opportunities for further
exploration. Laboratory experiments form the crux
of this study, involving the formulation of concrete
mixtures with varying proportions of bamboo fiber
and M-Sand. These mixtures undergo rigorous
testing to evaluate their mechanical strength,
including compressive and flexural strength,
workability, and resistance to abrasion. The
experimental phase is designed to yield insights into
the optimal combinations of bamboo fiber and
manufactured sand, providing practical guidelines
for the formulation of sustainable concrete mixtures.
Beyond the mechanical aspects, the research extends
its purview to the environmental impact of the
proposed alternative. A life cycle analysis is
undertaken to assess the carbon footprint associated
with the production and use of bamboo fiber and
manufactured sand-integrated concrete, offering a
holistic  understanding of the sustainability
implications. The outcomes of these experiments
will offer valuable insights into the mechanical
behavior and long-term durability of the alternative
concrete formulations. Furthermore, the
environmental impact of the proposed alternative is
a key focus, with an exploration of the potential
reductions in carbon emissions associated with
traditional concrete production. By assessing the life
cycle analysis of the novel composite material, this
research aims to contribute to the broader discourse
on sustainable construction practices.

Novelty of Research:-
Concrete as an alternative to natural sand is a

pioneering approach in sustainable construction.
Bamboo fiber adds tensile strength and flexibility to
the concrete, contributing to its durability and eco-
friendliness. And M-sand, a substitute for traditional
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sand, reduces environmental impact and minimizes
depletion of river sand resources.

Navin Chand, Mukul Shukla, and Manoj Kumar
Sharma discovered that the tensile strength of
bamboo was assessed experimentally both parallel
and perpendicular to the fiber direction. Bamboo
exhibits distinct properties in these two directions
due to fundamental structural differences. Notably,
significant variations exist in the cell distribution
within a single culm, both horizontally and
vertically. The stress and strain characteristics of
bamboo under tensile loads were further analyzed
using Finite Element Method (FEM) software
ABAQUS, leading to the generation and
examination of failure load patterns. Additionally,
experimental determination of flexural strength and
deflection in bamboo closely aligns with the values
generated by FEM analysis.

I11. Methodology Considered

Material

Bamboo Fiber:-

Understood the different bamboo species present in
the village area. Recognized key features like
segmented stems, node patterns, and leaf
arrangements to identify suitable bamboo for fiber
extraction. Selected mature bamboo poles for
harvesting, typically aged between 3 to 5 years for
optimal fiber quality. Used a sharp machete or a
bamboo-specific cutting tool to ensure a clean cut
without damaging the fibers. Cut the harvested
bamboo poles into manageable segments,
considering the desired length of the fibers.
Segments could range from 1 to 3 inches based on
the intended use in concrete. Depending on the
bamboo species and the specific requirements for
fiber extraction, split the bamboo segments along the
natural nodes. This was done manually using
traditional tools or mechanically for efficiency .Used
a combination of hand tools, such as knives or
scrapers, to carefully extract fibers from the split
bamboo segments .Applied controlled force to

separate the fibers from the bamboo culms
.Removed any residual material, such as nodes or
unwanted debris, from the extracted fibers. Sorted
the fibers based on length, discarding any damaged
or irregular pieces. Measured and cut the bamboo
fibers to the desired length, adhering to the specified
range of 1 to 3 inches for this research. Consistent
sizing ensured uniformity in the concrete mix and
contributed to predictable mechanical properties
.Engaged with local bamboo artisans or community
members experienced in bamboo utilization.
Learned and incorporated traditional knowledge
regarding sustainable harvesting practices and fiber
extraction techniques. Allowed the extracted and
sized bamboo fibers to air-dry thoroughly. Proper
drying prevented mold growth and enhanced the
fibers' tensile strength. Documented the entire
process, including bamboo species used, cutting
techniques, and fiber sizing details. Shared this
knowledge with the local community to foster
awareness and preserve traditional practices.

Fig: Bamboo Fiber (1 to 3 inches)

Manufactured Sand:-

Manufactured sand is produced by crushing hard
granite rocks into sand-sized particles. It is
specifically manufactured to meet certain grading
and quality standards, making it a valuable and
controlled construction material. Unlike some waste
materials, M-Sand undergoes careful processing,
including washing and grading, to ensure it meets
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the required specifications for various construction
purposes.

Fig: Manufactured Sand
IV. Methodology

e Gathering of necessary materials for the
project.

e Assessment of the physical characteristics of
the materials employed.

e Mixing the materials at a water-cement ratio
of 0.45 to ensure proper consistency.

e Ensuring thorough and proper mixing of the
materials.

e (Casting of specimens in the form of cubes
and beams for testing purposes.

e Conducting tests on the specimens after
curing periods of 7, 14, 28, and 90 days.

e Performing tests in the laboratory facilities
of Eklavya University.

e Conducting tests specifically aimed at
determining the toughness of bamboo fiber.

Test Preparation

Slum Cone Test:-

The integration of alternative materials in concrete
production has gained significant attention in recent
years due to environmental concerns and the need
for sustainable construction practices. This research
aims to explore the feasibility of incorporating
bamboo fiber and manufactured sand as substitutes

for traditional natural sand in concrete mixtures. The
utilization of bamboo fiber, known for its tensile
strength and eco-friendly properties, presents an
opportunity to enhance the mechanical properties of
concrete while reducing the environmental impact
associated with traditional reinforcement materials.
Additionally, M-sand, produced by crushing rocks
and quarry stones to create fine aggregates, offers a
potential alternative to natural sand, addressing
concerns related to depleting natural resources. The
study will employ the slump cone test to assess the
workability and consistency of fresh concrete
mixtures containing varying proportions of bamboo
fiber and M-sand, aiming to optimize the blend for
enhanced structural performance and sustainability
in construction.

Fig: Slum cone test

Compressive Strength Test

In the investigation of integrating bamboo fiber and
manufactured sand into concrete as an alternative to
natural sand, a crucial aspect is the Compressive
Strength Test. This test evaluates the ability of the
composite material to withstand axial loads and
provides insights into its overall structural integrity.
The specimens are prepared according to the
concrete mix design with varying percentages of
manufactured sand and bamboo fiber. Compression
tests are conducted at specified curing durations (7,
28, and 90 days) to assess the material's ability to
withstand applied pressure. The results contribute
valuable data on the strength properties of the
innovative composite, offering essential information
for assessing its suitability in. structural applications
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and comparing its performance to traditional Table 2: Compressive Strength (M-25)
concrete formulations

Compressive strength ofM-25 Cube(N/mm?)

Days/%
ofreplace | 0% |50% | 60% 70% 80%
ment

of sand

7day [15.6 16.1] 16.6 16.9 17.3

28 24.6 25.5|26.7 27.9 28.2

days
90 26.7 27.3| 27.6 28.7 29.5
days
Compressive Strength Test Compressive Strength of Concrete cube
V. Results M-25 Mix.
Table 1: Compressive Strength(M-20) 30
Compressive strength ofM-20 Cube(N/mm?) 20
Days/% of 10
replacement| 0% |50%| 60% | 70% 80% 0
of sand 0%
50%
60% o
70% 0%
7day 15.5 | 15.9 [16.3 16.7 17.1
28days [243 | 25.1(26.4 27 27.3 M 7Days  ®28Days 90Days
90days [26.3 27.1{27.4 28.2 28.8 Fig-2 Compressive Strength
29 12
28 - 10

27
Compressive Strength of Concrete / J - 8

cube M-20 Mix. 26 ) g i
>0 25 .//./ 6.7 71 6
24 /; -4

0 23 3.4 - 2
O% 50% 60% 70% 80(y 22 T T T T 0
° 0% M- 50% M- 60% M- 70% M- 80% M-
W 7Days ® 28Days 0Days sand sand sand sand sand
Fig-1 Compressive Strength Fig-3 Flexural Strength
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7 Day Flexural Strength (N/Mm?

Impact of M-sand on Compressive Strength:

The study demonstrates that the addition of M-sand
significantly influences the compressive strength of
concrete. The optimum strength was observed
consistently at an 85% M-sand replacement level,
regardless of the curing duration. This finding
suggests a robust relationship between M-sand
content and compressive strength, making 85%
replacement a potentially ideal proportion for
maximizing concrete strength.

Role of Bamboo Fiber:

Incorporating bamboo fiber into the concrete
mixture further enhanced compressive strength. The
enhancement was directly proportional to the
increase in M-sand replacement percentage. This
synergy between bamboo fiber and M-sand indicates
that combining these materials could lead to superior
concrete performance.

Comprehensive Analysis:
The combined use of M-sand and bamboo fiber not

only improves compressive strength but also
suggests a sustainable approach for concrete
production. These findings provide compelling
evidence for the construction industry to consider
these materials as viable alternatives to traditional
concrete components. Based on the results,
Construction practices incorporate 85% M-sand
replacement for achieving optimal compressive
strength. Bamboo fiber be included in concrete
mixtures to further enhance strength and
sustainability. Further studies be conducted to
explore long-term durability and other mechanical
properties of concrete with these additives. These
recommendations aim to guide industry practices
towards more sustainable and high-performance
concrete solutions.

V1. Conclusion and Discussion

1. Based on the present study, it is evident that the
addition of manufactured sand has a significant
impact on the compressive strength of concrete.

Maximum strengths were consistently achieved at
85% M-sand replacement across curing durations of
7, 28, and 90 days.

2. Furthermore, the incorporation of bamboo fiber
alongside manufactured sand replacement notably
enhanced compressive strength. This enhancement
exhibited a direct correlation with the percentage
increase in M-sand replacement.

3. Overall, these findings underscore the potential
benefits of utilizing manufactured sand and bamboo
fiber in concrete mixtures to improve compressive
strength, offering valuable insights for construction
applications.

VI1I. Future Scope
1. In this study, we are utilizing manufactured sand

as an alternative to natural sand in specified
proportions; however, in the future, there is potential
for complete replacement of natural sand with
manufactured sand in concrete mixtures, further
exploring its viability and benefits.

2. Additionally, while Bamboo fiber is being
considered as an admixture to enhance concrete
properties, future research could investigate the use
of various other fibers or materials to achieve similar
or improved effects, broadening the scope of
available  options for enhancing concrete
performance.

3. Moreover, while the current study focuses on
testing concrete properties, future investigations
could extend to the realm of Reinforced concrete,
exploring the interaction between different materials
and reinforcement mechanisms to optimize
structural integrity and performance. Additionally,
the inclusion of 1 to 3 inches of bamboo fiber could
be explored further to assess its impact on various
concrete properties and structural behavior.
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