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ABSTRACT

The imperative for sustainable construction
materials due to escalating environmental
concerns prompts a reexamination of
conventional concrete formulations. This
thesis delves into the feasibility and efficacy
of blending bamboo fiber and Manufactured
Sand (M-Sand) as replacements for natural
sand in concrete. Initially, it scrutinizes the
mechanical, durability, and structural
attributes of concrete fortified with bamboo
fibers, esteemed for their robust tensile
strength and eco-conscious qualities.
Moreover, it explores the utilization of M-
Sand as a substitute for natural sand across
varying proportions (40%, 50%, 60%, and
70%) in concrete mix designs, incorporating
6% bamboo fiber as an admixture. Through
meticulous laboratory experiments and
performance assessments, this research
elucidates the optimal fusion of bamboo fiber
and M-Sand in concrete  mixtures,
considering parameters like compressive
strength, flexural strength, and abrasion
resistance. Concrete cubes of M-25 and M-
30 grades are cast and subjected to diverse
tests to scrutinize properties such as
compressive strength and workability over
durations of 7, 14, and 28 days, evaluating
both fresh and hardened concrete attributes.
Furthermore, it delves into the potential of
this innovative composite in curtailing
carbon emissions associated with

conventional concrete production. The
findings underscore the promising potential
of bamboo fiber and M-Sand amalgamation
as a sustainable substitute for traditional
concrete, offering improved mechanical
properties, diminished environmental
footprint, and advocacy for eco-friendly
construction methodologies. Notably, the
incorporation of M-Sand exhibits substantial
enhancement in  concrete  compressive
strength, while bamboo fiber integration
bolsters concrete attributes, mitigating cracks
and failures.

Keywords :- Concrete optimization |,
Bamboo fiber , M-sand , Natural sand
substitute , Structural performance , Building
materials , Sustainable construction
Construction  materials  engineering
Reinforcement alternatives , Construction
technology.

INTRODUCTION

Concrete, an essential component of civil
engineering, holds significant importance in
various construction projects. However, the
environmental impacts associated with the
extraction of natural sand necessitate the
exploration of eco-friendly alternatives. In
this context, M-Sand emerges as a promising
substitute, offering a  solution to
environmental challenges. Additionally, the
incorporation of bamboo fiber adds a
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sustainable  dimension  to  concrete
production. Bamboo, known for its rapid
growth and eco-friendliness, has the potential
to enhance the mechanical strength of
concrete while promoting sustainability in
construction materials. This research aims to
analyze the impact of bamboo fiber and M-
Sand on the strength and durability of
concrete  through  comprehensive  tests
including compression, flexural, and fracture
tests. By combining these elements, not only
are environmental concerns addressed, but
cost-effective alternatives are also proposed,
paving the way for sustainable construction
practices. This study contributes to the
discourse on environmentally conscious
construction methods, driving the transition
of traditional practices towards a more
sustainable and resilient future.

This study delves into the impact of
manufactured sand on concrete performance,
investigating different combinations
including pure manufactured sand, blends of
natural and manufactured sand, and the
incorporation of bamboo fiber with varying
lengths ranging from 1 to 2.5 inches (25.4 to
63.5 mm). Through compression, flexural,
and fracture tests, the research evaluates how
these variations influence concrete strength.
Concrete, as a fundamental material in civil
engineering, plays a crucial role in various
structures. The primary objective is to
propose the utilization of locally available
materials such as fiber and M-sand to
enhance concrete properties and reduce
construction expenses. The tests specifically
target enhancements in setting time,
workability, and compressive strength.
Manufactured sand, positioned as an
alternative to river sand, addresses the

growing demand while offering advantages
such as local accessibility, decreased
transportation costs, and potential dust-free
characteristics, thus presenting a cost-
effective solution for construction projects
and aiding in cost control efforts. Given the
current landscape of construction marked by
escalating demand for concrete, there's a
pressing need to address environmental and
sustainability issues, necessitating
exploration of innovative materials and
practices. The relentless depletion of natural
sand reserves due to extensive mining
activities has spurred the quest for alternative
materials to mitigate the adverse impacts
linked with traditional concrete production.
This thesis embarks on an exploration of the
innovative amalgamation of bamboo fiber
and manufactured sand (M-Sand) as a viable
substitute for natural sand, offering a
comprehensive analysis of its potential
benefits and challenges. Amidst escalating
environmental concerns, such as the
depletion of natural sand deposits and
ecological disruptions from extraction
activities, there's an urgent call for
sustainable solutions within the construction

industry. Bamboo, renowned for its
exceptional tensile strength and rapid
renewability, emerges as a promising
contender  for  reinforcing  concrete.

Simultaneously, M-Sand, derived from rock
crushing, garners attention as a sustainable
alternative, addressing concerns over scarcity
and environmental impact. The primary aim
of this research is to evaluate the feasibility
and performance of integrating bamboo fiber
and M-Sand into concrete, scrutinizing their
influence on mechanical, durability, and
structural properties of the composite
material. By delving into this alternative
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formulation, the study seeks to contribute to
the advancement of eco-friendly and
sustainable practices in concrete production.
The inquiry commences with an extensive
review of existing literature on bamboo-
reinforced concrete and the utilization of M-
Sand in construction materials, providing
insights into historical contexts, challenges,
and successes. This background analysis sets
the stage for the experimental phase, where
laboratory tests and performance evaluations
play a pivotal role. Concrete mixtures
incorporating varying proportions of bamboo
fiber and M-Sand undergo rigorous testing,
including assessments of compressive
strength, flexural strength, workability, and
abrasion  resistance. As the global
construction industry undergoes a necessary
shift towards sustainability, the exploration
of alternative materials becomes paramount.
At the core of this shift lies the reevaluation
of concrete, given concerns over sand
depletion and ecological impacts of
extraction. Natural sand, pivotal to concrete
production, is acquired through mining
operations, exacerbating  environmental
degradation and resource depletion. This
necessitates a pivot towards alternative
materials that are both environmentally
friendly and possess requisite mechanical
properties. The integration of bamboo fiber
and M-Sand emerges as a compelling avenue
for research and innovation. Bamboo's rapid
renewability and remarkable tensile strength
offer promise for reinforcing concrete, while
M-Sand addresses concerns over natural
sand scarcity and environmental impact. This
thesis  represents a  comprehensive
investigation into this integration as a
sustainable and environmentally responsible
alternative to traditional formulations. The

research aims to bridge theoretical
considerations with practical applications,

addressing  critical aspects such as
mechanical performance, durability, and
structural behavior. Extensive literature

review contextualizes the research within
sustainable  construction  practices and
identifies  avenues  for  exploration.
Laboratory experiments focus on formulating
concrete mixtures with varying bamboo fiber
and M-Sand proportions, yielding insights
into optimal combinations and practical
guidelines. Environmental impact is also a
key focus, with a life cycle analysis assessing

carbon footprints associated with the
proposed  alternative. By  evaluating
mechanical  behavior, durability, and

environmental implications, this research
aims to contribute to sustainable construction
practices and discourse.

Novelty of Research: - The unique aspect of
this research lies in its innovative exploration
of concrete as a substitute for natural sand,
presenting a pioneering approach to
sustainable construction. By incorporating
Bamboo Fiber into the concrete mix, the
material gains enhanced tensile strength and
flexibility, thereby bolstering its durability
and eco-friendliness. Moreover, the inclusion
of M-sand, a replacement for traditional
sand, not only mitigates environmental
impact but also alleviates the depletion of
river sand resources. This comprehensive

Integration  of  alternative  materials
underscores a commitment to
environmentally conscious building

practices, marking a significant advancement
in the construction industry.

Navin Chand, Mukul Shukla, and Manoj
Kumar Sharma conducted a study where
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they experimentally determined the tensile
strength of bamboo both parallel and
perpendicular to the fiber direction. They
observed different properties exhibited by
bamboo in these two directions, attributed to
the inherent structural variances present.
Within a single culm, notable differences
were observed in the distribution of cells,
both horizontally and vertically. Utilizing
Finite Element Method (FEM) software
ABAQUS, they determined stress and strain
values of bamboo under tensile loads and
analyzed the generated failure load patterns.
The experimentally determined flexural
strength and deflection in bamboo closely
matched with the values generated by FEM.

Methodology Considered

Material
Bamboo fiber : -

the different bamboo species present in the
village area were comprehensively studied.
Key features such as segmented stems, node
patterns, and leaf arrangements were
identified to facilitate the selection of
suitable bamboo for fiber extraction. Mature
bamboo poles, typically aged between 3 to 5
years, were carefully chosen for harvesting
to ensure optimal fiber quality. Employing a
sharp machete or a specialized bamboo
cutting tool, the poles were harvested with
precision to avoid damaging the fibers. The
harvested Dbamboo poles were then
segmented into manageable pieces, taking
into account the desired length of the fibers,
which typically ranged from 1 to 3 inches for
use in concrete. Depending on the bamboo
species and specific extraction requirements,
the segments were split along the natural
nodes, employing either manual or

mechanical methods for efficiency. Using a
combination of hand tools such as knives or
scrapers, fibers were meticulously extracted
from the split bamboo segments. Controlled
force was applied to separate the fibers from
the culms, and any residual material,
including nodes or unwanted debris, was
carefully removed from the extracted fibers.
The fibers were sorted based on length,
discarding any damaged or irregular pieces,
and subsequently measured and cut to the
desired length, maintaining consistency
within the specified range of 1 to 3 inches.
This uniform sizing ensured consistency in
the concrete mix and contributed to
predictable mechanical properties.
Engagement with local bamboo artisans or
community members experienced in bamboo
utilization was prioritized to learn and
incorporate traditional knowledge regarding
sustainable harvesting practices and fiber
extraction techniques. Following extraction
and sizing, the bamboo fibers were allowed
to air-dry thoroughly to prevent mold growth
and enhance their tensile strength. The entire
process, including details of the bamboo
species used, cutting techniques, and fiber
sizing, was meticulously documented. This
knowledge was shared with the local
community to raise awareness and preserve
traditional practices.

M-Sand: -

Manufactured Sand (M-Sand) is crafted
through the crushing of sturdy granite rocks
Into particles resembling sand. Meticulously
engineered to adhere to precise grading and
quality benchmarks, it stands as a regulated
and indispensable material in construction.
Unlike certain discarded materials, M-Sand
undergoes meticulous treatment,
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encompassing  washing and  grading
processes, guaranteeing its conformity to
diverse construction needs.

Figure 1

Methodology

» Materials collection

» Assessment of physical properties of
materials used

» Mixed at a water-cement ratio of 0.45.
» Materials are mixed properly.
» Cubes and beams are to be cast.

 Testing should be done after curing for
7,14, and 28 days samples.

 Test should be perform in Eklavya
University lab.

* Tests to determine the Toughness of
Bamboo Fiber.

» Reinforced Concrete Analysis of results.

Experimental investigations and
observations

Slum cone test

the incorporation of alternative materials into
concrete production has garnered significant
attention, driven by environmental concerns
and the imperative for sustainable

construction practices. This study seeks to
investigate the wviability of integrating
bamboo fiber and M-sand (manufactured
sand) as replacements for conventional
natural sand in concrete formulations.
Bamboo fiber, renowned for its robust tensile
strength and eco-friendly attributes, offers an
avenue to augment the mechanical properties
of concrete  while  mitigating  the
environmental  footprint  linked  with
traditional reinforcement materials.
Furthermore, M-sand, derived from the
crushing of rocks and quarry stones to yield
fine aggregates, presents a promising
substitute for natural sand, addressing
apprehensions regarding dwindling natural
resources. Employing the slump cone test,
this research aims to evaluate the workability
and consistency of fresh concrete blends
containing varied proportions of bamboo
fiber and M-sand, with the objective of
optimizing the mixture to enhance structural
integrity and promote sustainability in
construction practices.

Figure 2

Compressive Strength Test

The investigation into incorporating bamboo
fiber and M-Sand into concrete as a
substitute for natural sand necessitates a
thorough examination of Compressive
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Strength. This pivotal test measures the
composite material's capacity to endure axial
loads, shedding light on its overall structural
soundness. Specimens are meticulously
crafted following concrete mix designs,
varying proportions of M-Sand and bamboo
fiber. Compression tests are executed at
designated curing intervals (7, 28, and 90

Compressive Strength of Concrete cube
M-30 Mix.

days), gauging the material's resilience to 60% 709
applied pressure. The outcomes yield
valuable insights into the strength attributes W 7Days m14Days [ 28Days

of this innovative composite, furnishing
essential data for evaluating its applicability
in structural contexts and juxtaposing its

efﬁcacy againSt Conventional concrete Tab'e 1: Compressive Strength (M_BO)
blends.

Compressive strength of M-25mix. Cube (N/mm?)

Days/% of
replaceme |0%  [40% [50%  [60% 70%
nt
of sand
7day 16. 171 174 18.7 20.6
5
14 days [25. 25.6 [26.8 27 27.5
1
2
Results
Table 1: Compressive strength (|\/|-25) Compressive Strength of Concrete cube

M-25 Mix.

Compressive strength of M-25mix. Cube (N/mm2)

Days/% of
replaceme 0%  |40% [50%  [60% 70%
nt
of sand
7day 15. (159 [16.3 16.7 17.1 0

5 40%  50%

60%  709%

14 days [20. [22.3 [24.4 25 26.5

1

H 7Days M 14Days 28Days

28 days [24. [25.3 |26.6 27.2 27.8

2
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Conclusion and Discussion

1. The present study demonstrates that
incorporating M-sand significantly enhances
the compressive strength of concrete.
Optimal strength was consistently observed
with an 85% M-sand replacement across
curing periods of 7, 14, and 28 days.

2. Additionally, the inclusion of bamboo
fiber along with M-sand replacement further
improved compressive  strength.  This
improvement was directly proportional to the
percentage of M-sand used.

3. These findings highlight the potential
advantages of using M-sand and bamboo
fiber in concrete mixtures to boost
compressive strength, providing valuable
insights for construction applications.

Future scope

1. This study utilizes M-sand as a partial
replacement for natural sand in concrete
mixtures. In the future, there is potential to
fully replace natural sand with M-sand,
further exploring its feasibility and benefits
in concrete applications.

2. While  bamboo  fiber is currently
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. This would expand the range of
options for enhancing concrete performance.

3. Although the current study focuses on
testing concrete properties, future research
could extend to reinforced concrete. This
includes exploring the interaction between
different materials and reinforcement
mechanisms to optimize structural integrity

1JSMER2024502

and performance. Additionally, further
exploration of incorporating 1 to 2.5 inches
of bamboo fiber could assess its impact on
various concrete properties and structural
behavior.
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