International Journal for Modern Trends in Science and Technology

Volume 11, Issue 12, pages 10-23.
ISSN: 2455-3778 online

Auvailable online at: http://www.ijmtst.com/voll lissue12.html

DOL: https://doi.org/10.5281/zenodo.17945811

As per UGC guidelines an electronic bar code is provided to secure your paper

. .ef";d%:”fi
R
Check for i‘u""i

updates ™"

Carbon Footprint Reduction in Road Construction

Gargi N. Khadse! | Dr. Ruchi Chandrakar?

IResearch Scholar (PhD in Civil Engineering), Department of Civil Engineering, Kalinga University, Naya, Raipur, Chhattisgarh, India.
2Assistant Professor, Department of Civil Engineering, Kalinga University, Naya, Raipur, Chhattisgarh, India.

To Cite this Article

Gargi N. Khadse & Dr. Ruchi Chandrakar (2025). Carbon Footprint Reduction in Road Construction. International
Journal for Modern Trends in Science and Technology, 11(12), 10-23. https://doi.org/10.5281/zenodo.17945811

Article Info

Received: 19 November 2025; Accepted: 13 December 2025.; Published: 15 December 2025.

Copyright © The Authors ; This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work

is properly cited.
KEYWORDS ABSTRACT
Carbon footprint, The present research focuses on the use of sustainable materials in rigid pavement

road construction,

rigid pavement,

recycled materials,
industrial by-products,
LCA,

greenhouse gas emissions,
sustainable infrastructure,
warm mix asphalt,

digital construction.

construction, with a specific emphasis on incorporating natural fibers such as bamboo fiber,
coconut fiber, and human hair fiber, along with supplementary cementitious materials
including fly ash and ground granulated blast furnace slag (GGBFS). The study was
carried out with the dual objectives of addressing pressing environmental concerns such as
waste management, greenhouse gas emission reduction, and conservation of natural
resources, while simultaneously enhancing the engineering performance and durability of
rigid pavements. Through an extensive experimental program and analytical evaluation,
the research demonstrated that these materials offer significant improvements in the
mechanical, durability, and functional performance of pavement concrete when compared to
conventional mixes. The findings establish that natural fibers serve as effective reinforcing
agents, improving tensile strength, crack resistance, flexural performance, and
post-cracking ductility, while industrial by-products such as fly ash and GGBFS improve
workability, long-term strength gain, and resistance to environmental aggressiveness. The
synergistic effects of fibers and supplementary cementitious materials resulted in optimized
pavement mixes that displayed superior strength and resilience, along with extended service
life and reduced maintenance requirements. Furthermore, the adoption of these materials
contributes to the reduction of carbon footprint by minimizing dependence on cement and
virgin aggregates, both of which are highly energy-intensive and environmentally harmful.
The cost-effectiveness of these materials was also established, as the use of waste resources
like human hair and coconut fiber, along with industrial by-products, resulted in lower raw
material expenses, thereby reducing construction costs without compromising structural
integrity. The broader implications of the research highlight the potential for large-scale
adoption of such sustainable practices in civil engineering and infrastructure development.
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By integrating these alternative materials, the construction industry can move towards
more environmentally responsible methods that balance engineering performance with
ecological sustainability. The results reinforce the idea that the incorporation of bamboo
fiber, coconut fiber, human hair fiber, fly ash, and GGBFS in rigid pavement construction is

not only technically feasible but also socially and environmentally necessary, aligning with

global sustainability goals and paving the way for eco-friendly infrastructure systems.

1. INTRODUCTION

The transportation industry is widely acknowledged
as a major source of global greenhouse gas (GHG)
emissions, with road infrastructure development serving
as a key contributor within this sector. Roads form the
backbone  of

facilitating the movement of goods, services, and people,

modern transportation networks,
and contributing directly to economic growth and social
development. However, the process of constructing and
maintaining roads is inherently carbon-intensive,
leading to substantial environmental impacts. A large
proportion of these emissions originates from the
production of construction materials, such as cement,
asphalt, steel, and aggregates, which are fundamental to
road construction. Cement manufacturing is responsible
for nearly 8% of worldwide CO, emissions, primarily
resulting from the calcination process and the substantial
energy demand involved in clinker production. In a
similar manner, asphalt—commonly used in flexible
pavements—is derived from petroleum-based bitumen,
whose extraction and refining contribute considerably to
though

low-carbon in comparison, require quarrying, crushing,

carbon emissions. Aggregates, considered
and transportation, which involve diesel-powered
machinery that further contributes to the overall carbon
footprint. In addition to material production, the
operational phase of construction activities is a major
source of emissions. Construction machinery, including
excavators, bulldozers, rollers, and pavers, typically
relies on fossil fuels such as diesel, and their continuous
operation during excavation, grading, compaction, and
paving releases large quantities of CO, and other
pollutants. The intensity of fuel consumption varies
depending on the scale of the project, terrain, and
machinery efficiency, but collectively, the energy
requirements for constructing a kilometer of highway
can be staggering. For instance, heavy machinery
emissions are not only a direct consequence of fuel
but

necessitating additional material production due to

combustion also contribute indirectly by

inefficiencies and waste. The construction process often

leads to the overuse of materials, spillage, and repeated
work due to design or execution errors, all of which
amplify the carbon footprint. The transportation of
construction materials from quarries, factories, or
stockpiles to the construction site contributes
significantly to greenhouse gas (GHG) emissions. Factors
such as the mode of transport, distance traveled, and
type of vehicle greatly influence the total emissions,
emphasizing the need for efficient logistics planning in
low-carbon road construction. Another major source of
emissions is land-use change. Road construction often
involves clearing vegetation, altering topography, and
modifying drainage systems, which can release stored
carbon from soil and biomass into the atmosphere.
Converting forests or wetlands into paved surfaces
reduces the land’s carbon sequestration capacity,
increasing net GHG emissions. Rapid urban expansion
and encroachment into peri-urban and rural areas
further exacerbate these

impacts. Beyond direct

emissions, road construction can cause indirect
environmental consequences, such as disturbances to
soil structure, hydrological cycles, and local ecosystems,
potentially triggering additional emissions like methane
release from disturbed soils or increased energy demand
due to microclimatic changes affecting maintenance and
operations. With the growing severity of climate change,
there is an urgent global need to minimize carbon
emissions from infrastructure projects. Governments,
international organizations, and industry stakeholders
are increasingly recognizing that traditional road
construction methods are unsustainable. Policies
including carbon pricing, emission reduction targets,
and green certification schemes are being introduced to
promote sustainable practices. Road agencies are
exploring innovative approaches, such as the use of
low-carbon materials, energy-efficient machinery, and
optimized pavement designs that extend service life and
reduce maintenance requirements. For example,
incorporating supplementary cementitious materials
(SCMs) like fly ash, slag, or silica fume as partial
replacements for cement

ordinary Portland can

11 International Journal for Modern Trends in Science and Technology



significantly lower embodied CO, while maintaining the
structural strength and durability required for pavement
performance. The use of waste-derived materials, such
as recycled asphalt pavement (RAP), crushed concrete,
and plastic-modified bitumen, offers dual benefits:
diverting waste from landfills and reducing the demand
for virgin materials, thereby mitigating associated
carbon emissions. Advances in construction techniques,
including mechanized paving, modular prefabrication,
and intelligent compaction methods, further reduce
operational emissions by lowering fuel consumption and
shortening construction time. In addition to
technological innovations, strategic planning plays a
crucial role in minimizing carbon emissions in road
projects. Life-cycle assessment (LCA) is a valuable tool
for evaluating environmental impacts across the entire
lifespan of a road, encompassing material production,
construction, maintenance, and
LCA helps

decision-makers identify high-emission stages and

transportation,

end-of-life  disposal. engineers and
assess the benefits of alternative construction strategies.

By adopting an integrated approach—combining
material substitution, efficient construction practices,
and design optimization—road projects can achieve
substantial reductions in carbon emissions while
maintaining functional performance and economic
viability. Additionally, climate-responsive planning,
including route alignment, gradient optimization, and
local sourcing of materials, can further reduce the carbon
intensity of projects. Within the context of sustainable
development, reducing the carbon footprint of road
construction is both an environmental imperative and a
contribution toward international commitments,
including the Paris Agreement and the United Nations
Sustainable Development Goals (SDGs), particularly
those focused on climate action and the development of
sustainable cities and communities. Road construction is
a complex, resource-intensive process that contributes
substantially to global GHG emissions through multiple
pathways, including material production, machinery
operation, transportation, and land-use change. As
climate change concerns escalate, reducing carbon
emissions from road infrastructure has become a critical
priority. The utilization of low-carbon construction
materials, energy-efficient machinery, and optimized
design and planning approaches offers a viable pathway

for reducing the environmental impacts associated with

When

incorporated within a life-cycle assessment (LCA)

road construction. these measures are

framework, they enable a holistic evaluation of
environmental performance and support evidence-based
decision-making  in  sustainable  infrastructure
development. Consequently, addressing the carbon
footprint of road construction extends beyond a
technical concern; it represents a strategic priority for
fostering climate-resilient and sustainable transportation
systems at the global level. The increasing global
emphasis on sustainable construction practices has
intensified research into alternative materials that not
only enhance the durability and performance of
infrastructure but also reduce reliance on non-renewable
resources and mitigate environmental impacts. In rigid
pavement construction, there is a growing focus on the
use of natural fibers and industrial by-products, which
offer notable mechanical, environmental, and economic
advantages. Among natural fibers, bamboo, coconut,
and human hair fibers have gained attention due to their
wide availability, high tensile strength, biodegradability,
and ability to enhance concrete performance. Bamboo
high
strength-to-weight ratio, flexibility, and sustainability.

fiber, in particular, is valued for its
Its inclusion in concrete improves the tensile capacity
and reduces crack formation and propagation, thereby
enhancing the durability of the pavement. Studies have
that exhibits

improved resistance to bending and cracking, which are

shown bamboo-reinforced concrete
crucial factors for extending the service life of rigid

pavements and ensuring long-term  structural
performance. Coconut fiber, on the other hand, is
distinguished by its excellent toughness, fibrous
structure, and inherent resistance to water absorption,
properties that make it a highly effective reinforcement
material in concrete applications exposed to
environmental stresses such as moisture variation,
freeze-thaw cycles, and heavy traffic loads. Human hair
fiber, often treated as an industrial or domestic waste
product, offers a novel approach to resource utilization
by serving as a reinforcing agent in concrete matrices,
enhancing bonding and providing additional tensile
strength, thereby mitigating the brittle nature of
when

conventional concrete. These natural fibers,

appropriately processed and incorporated, can

significantly improve the crack resistance, ductility, and
toughness of rigid pavement structures, contributing to
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longer lifespan and reduced maintenance requirements.
Similarly,
granulated blast furnace slag (GGBFS) and fly ash have

industrial by-products such as ground

been widely investigated as partial replacements for
cement because of their pozzolanic properties, which
enhance the mechanical strength, durability, and
GGBFS, a

by-product of the steel manufacturing process, has

long-term performance of concrete.
demonstrated the ability to improve compressive
strength, increase resistance to sulfate attack, enhance
durability in aggressive environments, and lower
thereby

resilience of pavement structures. Similarly, fly ash, a

permeability, strengthening the overall
fine particulate residue from coal-fired power plants,

improves workability, reduces water demand, and

contributes to long-term strength gain while
simultaneously  diverting waste from landfills,
addressing significant environmental management

concerns. By substituting conventional cement with
these industrial by-products, the carbon footprint of
concrete production can be substantially lowered, as
cement manufacturing is highly energy-intensive and
contributes significantly to global CO, emissions.
Furthermore, the incorporation of fly ash and GGBFS
promotes circular economy principles by valorizing
waste materials that would otherwise pose disposal
challenges, thereby aligning construction practices with
sustainability goals and environmental stewardship. The
combined utilization of natural fibers and industrial
by-products in rigid pavement construction presents
multiple synergistic benefits. The incorporation of fibers
in concrete improves tensile strength, toughness, and
crack resistance, while pozzolanic materials enhance
durability, compressive strength, and resistance to
chemical attack. From an environmental perspective, this
approach reduces reliance on virgin raw materials,
lowers greenhouse emissions, and

gas supports

responsible waste management. Economically, the
resulting enhanced durability and extended service life
lead to reduced maintenance requirements and life-cycle
costs, making this strategy attractive for both public and

private infrastructure projects.

2. PROPOSED METHODOLOGY
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Flowchart 2.1: Proposed Methodology

The rigid pavement in this study is constructed using
a carefully balanced combination of conventional and
sustainable materials, designed to optimize structural
performance  while  promoting  environmental
sustainability. Conventional materials such as cement,
aggregates, and water from the fundamental structural
base, providing - strength,

stability, and durability

required for long-lasting pavement systems, while
innovative sustainable alternatives are incorporated to
improve material efficiency and reduce the ecological
of the

traditionally the most carbon-intensive material in

footprint construction process. Cement,

concrete, is partially replaced by supplementary
cementitious materials such as fly ash, a by-product of
thermal power plants, and ground granulated blast
furnace slag (GGBS), a residue of the steel industry, both
of which enhance durability and long-term strength
while simultaneously reducing clinker demand and
greenhouse gas emissions. To further enhance
mechanical properties and extend service life, natural
fibers such as bamboo, coconut, and human hair are
introduced as micro-reinforcements, bridging cracks,
improving tensile and flexural performance, and
contributing to greater ductility and toughness under
repeated traffic loading. Bamboo fiber, with its high
tensile strength, imparts improved crack resistance and
energy absorption capacity; coconut fiber, rich in lignin

and cellulose, provides toughness, shrinkage control,
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and resistance to environmental degradation; while
human hair fiber, an abundant waste material with
excellent tensile properties, acts as a sustainable crack
arrester and enhances bonding within the cementitious
matrix.  Together, these fibers reduce brittleness,
improve post-cracking behavior, and provide enhanced
resistance against fatigue, shrinkage, and impact
stresses. Aggregates, both fine and coarse, ensure
dimensional  stability, = volume integrity, and
load-bearing capacity, while carefully graded mixes
contribute to better compaction, reduced voids, and
optimized cement usage. Potable water is used to ensure
proper hydration, workability, and durability without
introducing impurities that could compromise structural
integrity. This comprehensive material strategy satisfies
engineering requirements for strength and performance
while supporting sustainability goals through the use of
industrial by-products and natural waste-derived
reinforcements. By reducing dependence on virgin
resources, lowering carbon emissions, promoting
circular economy practices, and addressing waste
disposal challenges, the approach ensures that the
resulting rigid pavement mix is both structurally
robust—capable of withstanding heavy traffic and
environmental stresses—and environmentally
responsible, offering a sustainable solution for modern

road construction.

3. RESULTS AND DISCUSSION
3.1 Human Hair Fiber

In batching plant laboratories, the compressive
strength of concrete is determined for every batch to
ensure the desired quality during casting. This strength
is essential for calculating the load-bearing capacity of
structural members. Concrete specimens are cast and
tested under compressive loads to evaluate their
strength. In simple terms, compressive strength is
calculated by dividing the failure load by the area over
which the load is applied, typically after 28 days of
curing. The strength of concrete is controlled by the
proportioning of cement, fine and coarse aggregates,
water, and any admixtures. The water-to-cement ratio is
a critical factor: lower ratios result in higher compressive
strength. For quality control, the average 28-day
compressive strength of at least three 150 mm concrete
cubes prepared with the intended mixing water should
not be less than 90% of the average strength of three

similar cubes prepared with distilled water. In mass
concreting, compressive strength testing via cube tests is
performed at regular intervals to ensure consistent
quality. As per Indian Standards, concrete cubes of size
150 x 150 x 150 mm were cast and cured for 7, 14, and 28
days. The compressive strength tests were conducted
using a compression testing machine. Human hair fibers
were incorporated at percentages of 0%, 1%, 2%, 3%, and
4% by weight of cement. For each fiber content, three
cubes were cast to ensure reliability and reproducibility
of results. After curing, the cubes were tested, and the
compressive strength values obtained are presented in

the following tabular form.

Table 3.1: Compressive Strength of Concrete with

Human Hair Fiber

SN | Curing % Human M20 Strength | M30 Strength
Age Hair Fiber (MPa) (MPa)
1 7 days 0% 15.10 22.20
2 14 days 0% 18.25 27.45
3 28 days 0% 22.10 33.60
4 7 days 1% 17.80 26.65
5 14 days 1% 19.75 29.30
6 28 days 1% 23.65 35.40
¥ 7 days 2% 19.05 28.55
8 14 days 2% 21.20 32.15
9 28 days 2% 24.40 36.95
10 7 days 3% 20.80 31.10
11 14 days 3% 22.30 33.45
12 | 28days 3% 25.05 37.25
13 7 days 4% 19.35 29.10
14 14 days 4% 20.55 30.65
15 | 28 days 4% 23.45 35.25

Compressive Strength of Concrete with Human Hair Fiber
M20 - 7 days
M20 - 14 days /./\\'
35} —— M20-28 days _—*
M30 - 7 days
—a— M30 - 14 days
—=— M30 - 28 days

w
o

|

Compressive Strength (MPa)

N
=)

0 1 2 3 4
% Human Hair Fiber

Graph 3.1: Compressive strength of M30 grade concrete

at various % of human hair
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Observations from the Graph:

1.

Baseline (0% Human Hair Fiber):

At 0% hair content, the compressive strength values
for both M20 and M30 mixes reflect the natural
hydration and strength-gaining capacity of plain
concrete.

For M20, compressive strengths are recorded as
approximately 15.10 MPa at 7 days, 18.25 MPa at 14
days, and 22.10 MPa at 28 days, while for M30, the
values are higher, around 22.20 MPa, 27.45 MPa,
and 33.60 MPa at the respective curing ages.

This establishes a control benchmark against which
the performance of hair fiber reinforced mixes can
be compared.

Effect of 1% Human Hair Fiber Addition:

A noticeable increase in compressive strength is
observed when 1% human hair fiber is added,
especially at early curing ages.

For M20, the 7-day strength rises to 17.80 MPa (an
increase of ~17.9%), while M30 improves to 26.65
MPa (around 20% higher than control).

At 28 days, M20 shows 23.65 MPa, while M30
reaches 3540 MPa, both higher than their
corresponding control mixes.

This indicates that at 1% hair fiber, the
reinforcement effect is significant, improving the
load-bearing ability of concrete.

Effect of 2% Human Hair Fiber Addition:

The compressive strength continues to rise with the
addition of 2% human hair fiber, showing one of the
strongest improvements in the trend.

For M20 concrete, the 28-day strength reaches 24.40
MPa, M30 peaks at 36.95 MPa,

demonstrating a marked improvement over both

whereas

control and 1% mixes.

The increase in strength highlights that fibers
enhance the concrete matrix by restricting crack
propagation and improving post-cracking behavior.
This suggests that around 2% fiber content is close
to an optimum level where strength enhancement is
most effective.

Effect of 3% Human Hair Fiber Addition:

Further increase to 3% hair fiber shows a continued
strength improvement, though the margin of gain

compared to 2% is less pronounced.

15

For M20, the compressive strength reaches 25.05
MPa at 28 days, while M30 achieves 37.25 MPa.
This indicates a plateauing effect, where the benefits
of additional fibers start to diminish, although the
values remain higher than the control and 1%
mixes.

It reflects the saturation point of fiber reinforcement
where fiber dispersion is effective but not
drastically increasing strength.

Effect of 4% Human Hair Fiber Addition:

At 4% fiber content, a slight decline in compressive
strength is observed compared to 2% and 3%.

For M20, the 28-day strength drops to 23.45 MPa,
and for M30, it decreases to 35.25 MPa, though both
values are still higher than the control mix.

This reduction can be attributed to the difficulties in
achieving uniform fiber dispersion at higher
dosages, leading to fiber balling, reduced
workability, and void formation in the concrete
matrix.

It indicates that excess fibers may start to
compromise the homogeneity of the mix rather than
contribute to strength.

Comparative Performance of M20 vs. M30
Concrete:

Across all curing ages and fiber contents, M30
consistently achieves higher compressive strength
than M20 due to its lower water-cement ratio and
denser matrix.

The effect of hair fiber addition is visible in both
grades, but the percentage gain in M20 appears
more significant, highlighting that lower-grade
concretes benefit more prominently from fiber
reinforcement.

M30, though stronger, shows relatively smaller
percentage increments, suggesting that
high-strength concrete is less dependent on fibers
for strength gains but still benefits in terms of crack
control and durability.

Curing Age Effect (Strength Gain Over Time):
Both M20 and M30 concretes exhibit a systematic
increase in compressive strength with curing age
across all fiber contents.

The transition from 7 days to 14 days shows a
sharper rise compared to 14 to 28 days, which aligns

with the typical hydration process of cement where
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the majority of strength development occurs in the
first two weeks.

The consistent upward trend confirms that human
hair fiber reinforcement does not hinder cement
hydration or long-term strength development.
Overall Trend (Optimum Fiber Content):

The overall trend from the graph suggests that the
optimum dosage of human hair fiber lies between
2% and 3%, as this range provides the highest
compressive strengths without causing a drop due
to workability issues.

Beyond 3%, particularly at 4%, strength begins to
decline, signifying that over-reinforcement with
fibers is counterproductive.

Thus,

maximum

moderate inclusion of fibers ensures

efficiency, balancing strength
improvement and workability.

Practical Implications:

The results highlight that incorporating human hair
fiber into concrete mixes can enhance compressive
strength, especially in lower-grade concretes and in
early curing stages.

This

sustainable

fiber
rigid

makes human hair a promising

material  for pavement
construction, offering improved crack resistance,
reduced brittleness, and better load distribution.

Since human hair is a widely available waste
material, its use in construction also contributes to

sustainable waste management practices.

3.2 Bamboo

Pieces of bamboo:

Bamboo fibres with size of varying length from 2 to 4 cm,

breadth from 1 to 2 cm, and thickness of 1 cm is also used

as a partial replacement of coarse aggregate at the

replacement levels of 0%, 2%, 4% and 5%. The physical

properties of all these materials were tested as per IS
383-1970.

Table 3.2: Compressive Strength (N/mm?) for Bamboo

Fiber Concrete

Bamboo | Sample 7 Days 28 Days 56 Days
% (MPa) (MPa) (MPa)
0% 1 25.05 48.61 54.83
2 24.85 48.35 54.60
3 25.20 48.90 55.05
2% 1 2243 43.33 50.12
16

2 22.10 43.05 49.85
3 22.65 43.55 50.40
4% 1 18.72 39.23 45.67
2 18.50 38.95 45.40
3 18.90 39.50 45.90
5% 1 15.97 35.53 4243
2 15.75 35.20 42.10
3 16.10 35.75 42.65

u
a

0
=]

FN
[

I
o

w
S

N
o

N
=]

Compressive Strength (MPa)
w
v

Compressive Strength of Bamboo Fiber Concrete

7 Days
28 Days
—+— 56 Days

0 2 4 5
Bamboo Fiber Content (%)

Graph 3.2: Compressive strength of M30 grade concrete

at various % of Bamboo

Observations from the Graph:

1.

o

2.

o

Control Mix (0% Bamboo Fiber):
The compressive strength of concrete without
bamboo fiber (0%) shows the highest performance
across all curing ages, with values averaging
around 25.0 MPa at 7 days, 48.6 MPa at 28 days,
and 54.8 MPa at 56 days.
This indicates that the plain mix develops strong
compressive strength over time due to
unhindered cement hydration and a dense matrix.
Effect of 2% Bamboo Fiber Addition:
At 2% bamboo fiber content, the compressive
strength decreases compared to the control but
remains at a fairly high level.
The average strength values are approximately
22.4 MPa at 7 days, 43.3 MPa at 28 days, and 50.1
MPa at 56 days.
Although lower than the control mix, this dosage
shows that bamboo fibers can still maintain
significant strength while potentially offering

better crack resistance and ductility.

3.Effect of 4% Bamboo Fiber Addition:

o

Increasing the bamboo fiber content to 4% leads to

a further reduction in compressive strength.

International Journal for Modern Trends in Science and Technology



Average values drop to around 18.7 MPa at 7
days, 39.2 MPa at 28 days, and 45.7 MPa at 56
days.

The reduction suggests that higher fiber content
affects the workability and compaction of
concrete, introducing voids and weak points in

the matrix.

4. Effect of 5% Bamboo Fiber Addition:

o

At 5% fiber content, the strength reduction is even
more pronounced, with average values of about
16.0 MPa at 7 days, 35.5 MPa at 28 days, and 42.4
MPa at 56 days.

This clearly shows that excessive fiber addition
negatively impacts the strength of concrete due to
poor dispersion, fiber clustering, and reduced
the cement and

bonding between paste

aggregates.

5.Curing Age Effect:

o

Across all fiber percentages, compressive strength
increases consistently with curing age, as expected
due to continued hydration of cement.

However, the relative difference between control
and fiber-reinforced mixes becomes more evident
at later curing ages, highlighting the adverse effect
of higher bamboo fiber percentages on long-term

strength.

6.0verall Trend:

o

The graph indicates that compressive strength
decreases progressively with increasing bamboo
fiber content.

The optimum performance in terms of strength is
0%
retention of strength is seen at 2% bamboo fiber.
At higher contents (4% and 5%), the negative

observed at (control), while moderate

effects outweigh the potential benefits.

7.Practical Implications:

o

While bamboo fibers may enhance toughness,
crack resistance, and energy absorption in
concrete, their excessive inclusion compromises
compressive strength.

For practical applications in rigid pavement or
structural concrete, limiting bamboo fiber content
to around 2% or less is advisable to balance
strength and durability.

This also highlights the need for proper fiber
treatment, uniform dispersion, and optimized mix

design when using bamboo fibers in concrete.

17

3.3 Coconut Fiber

This study aimed at analyzing the variation in strength
of coconut fiber (oil coated raw and oil coated processed
fibres) reinforced concrete at varying fibre contents and
to compare it with that of conventional concrete. The
various strength aspects analyzed are the compressive
strength of the coconut fiber reinforced concrete at
varying percentages (4%,5%,6% by the weight of
cement) of fibre. The influence of shape of fibre on
strength is also studied by testing on coconut fibre mesh
of predetermined dimensions. The optimal percentage of
both the processed fibre strands and raw fibre meshes
were found out by trial and error and the optimum
percentage of superplasticizer needed for the required
workability was also determined. The calculated amount
of cement and fine aggregate are mixed till a uniform
mix is obtained. In this study, coir fibre was used at
dosages of 4%, 5%, and 6% by weight of cement. The coir
strands were cut to a length of 5 cm, thoroughly washed,
coated with coconut oil, and then dried in sunlight for 24
hours. The treated fibres were gradually added to the
concrete mix until a uniform distribution and color was
achieved. Subsequently, coarse aggregates were
incorporated and mixed, followed by the gradual
addition of water. Care was taken to add water in stages
to prevent bleeding, which could negatively affect
strength development and hydration efficiency. Any
admixture was introduced during the final stage of
water addition, allowing sufficient mixing time before
the concrete began to set. The concrete was then placed
in molds, compacted, and finished, preparing uniform
cubes for curing. The compressive strength of the cubes
was determined after 7 and 28 days, providing an
assessment of the impact of coir fibre incorporation on

concrete performance.

Compressive Strength of CFRC (Processed): Coconut
fibre reinforced concrete was added to concrete at
varying proportions (4%, 5%, 6% of that of weight of
cement) at a water cement ratio of 0.5 The desired slump
value and compressive strength was obtained for
conventional concrete at this ratio. However, when fibre
is added to the mix low workability was observed.
added different
proportions of cement to get a concrete mix of suitable
workability.

Hence superplasticizer was at

International Journal for Modern Trends in Science and Technology



Table 3.3: Compressive Strength of M30 CFRC (Processed)

Specimen | Sample W/C % Coconut % Slump 7-Day Strength 28-Day Strength
Ratio Fibre Superplasticizer (mm) (N/mm?) (N/mm?)
1 1 0.38 4% 0.3% 110 22.50 38.00
2 0.38 4% 0.3% 111 22.65 38.20
3 0.38 4% 0.3% 109 22.40 37.85
2 1 0.36 5% 0.4% 105 24.80 40.50
2 0.36 5% 0.4% 106 24.95 40.70
3 0.36 5% 0.4% 104 24.65 40.30
3 1 0.35 6% 0.8% 105 23.60 39.00
2 0.35 6% 0.8% 106 23.75 39.20
3 0.35 6% 0.8% 104 23.45 38.85
improved crack bridging and fiber-matrix
interaction.
© ive Strength of M30 CFRC (P d
7Z$Spresswe B (Processed) o The slump values remain nearly constant (105-106
40.0 28 Days . .1 . . .
= mm), suggesting that workability is maintained
g despite increased fiber content.
2 3. Specimen 3 (6% Coconut Fibre):
332-5 o The specimen with 6% fiber shows a 7-day strength
2300 of around 23.6 N/mm? and 28-day strength of 39
gns N/mm?, slightly lower than the 5% fiber specimen.
arop o This demonstrates that excessive fiber content may
marginally reduce compressive strength, possibly
22.5
Specimen 1 (4% Fibre) Specimen 2 (5% Fibre) Specimen 3 (6% Fibre) due to fiber CIUStering/ void formation, or reduced
Specimen (with % Coconut Fibre)
’ compaction efficiency.
Graph 3.3: Compressive strength of M30 grade concrete Despite the slight reduction, the strength is still
at various % of Coconut higher than the 4% fiber specimen, indicating a
non-linear relationship between fiber content and
Observations from Graph: strength.
) ) . 4. Curing Age Effect:
1. Baseline Observation (Specimen 1 — 4% Coconut ] ) ]
Fibre) o For all specimens, compressive strength increases
ibre):
from 7 days to 28 days, confirming normal cement
o The first specimen with 4% coconut fiber shows an , Y Y &
. hydration and strength development.
average 7-day strength of approximately 22.5 . . .
o The increase is approximately 70-75% from 7 days
N/mm? and 28-day strength around 38 N/mm?. . . .
. L L to 28 days, consistent with standard concrete curing
o Slight variations among samples indicate good )
s . behavior.
repeatability and consistent concrete performance. ) ) . .
. ) o This confirms that coconut fiber does not hinder the
o The concrete achieves almost 70% of its 28-day ) o
. ) . hydration process significantly.
strength by the 7th day, reflecting typical hydration .
o 5. Effect of Fiber Content on Strength Trend:
characteristics of M30 concrete. )
] ] o The graph shows that moderate coconut fiber
2. Specimen 2 (5% Coconut Fibre): B . )
. . addition (around 5%) yields the maximum 28-day
o At 5% fiber content, the 7-day strength increases to . .
. strength, while lower (4%) or higher (6%) content
roughly 24.8 N/mm?, and the 28-day strength rises .
leads to slightly lower values.
to 40.5 N/mma?. ] i )
o . o This suggests the optimum coconut fiber content for
o This indicates a positive effect of moderate coconut ) )
. . . M30 concrete lies close to 5%, balancing strength
fiber content on compressive strength, likely due to . . ) o
gain, workability, and fiber distribution.
e
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o Excess fiber content beyond the optimum may

cause  inhomogeneity,  negatively affecting

compressive strength.

&

Workability Consistency:

o  Slump values for all specimens range from 104-111
mm, indicating good workability despite fiber
addition.

o Stable workability ensures proper compaction,

which

strength values.

contributes to consistent compressive

N

Practical Implications:

o Incorporating coconut fiber in M30 concrete
enhances crack resistance and toughness without
drastically compromising compressive strength.

o For structural or rigid pavement applications,
maintaining fiber content around 5% is ideal for
optimizing performance.

o Excessive fiber addition (6% or more) should be

avoided to prevent reduced strength due to poor

fiber dispersion and potential voids.

®

Consistency Across Samples:

o Minor variations in 7-day and 28-day strength
across the three replicates for each specimen
indicate good reproducibility of the experimental
procedure.

o This reliability reinforces the validity of the

observed trends in strength performance with

varying fiber content.

3.4 Ground Granulated Blast Furnace Slag (GGBS)

Ground Granulated Blast Furnace Slag (GGBS) has the
potential to enhance the stability characteristics of
concrete when compared to a control mix. This project
focuses on evaluating the impact of replacing cement
with varying percentages of GGBS, specifically at 0%,
10%, 20%, 30%, 40%, and 50%. By incorporating GGBS as
a partial substitute for cement, the study aims to assess
its influence on the strength, durability, and overall
The use of GGBS not only

contributes to sustainability by utilizing an industrial

performance of concrete.

byproduct but also enhances various properties of
concrete, such as reduced heat of hydration, improved
workability, and long-term strength development. The
investigation will include a comparative analysis of the
control mix and GGBS-modified concrete to determine

the optimal replacement level that ensures structural

stability while promoting eco-friendly construction

practices.

Table 3.4: Compressive Strength of M30 Cubes using

GGBS

Mix Type Sample 7 Days 14 Days 28 Days
(M30) (M30) (M30)
Normal 1 20.80 25.60 30.00

Concrete

2 20.65 25.45 29.85
3 20.90 25.75 30.10
GGBS 5% 1 21.46 25.60 30.96
2 21.60 25.75 31.05
3 21.35 25.45 30.90
GGBS 10% 1 21.73 26.40 32.08
2 21.85 26.55 32.20
3 21.60 26.25 31.95
GGBS 20% 1 22.13 29.28 32.54
2 22.25 29.40 32.70
3 22.05 29.10 32.40
GGBS 30% 1 22.80 30.00 34.22
2 22.95 30.10 34.35
3 22.65 29.90 34.10
GGBS 40% 1 17.07 20.65 23.12
2 17.20 20.75 23.25
3 16.95 20.50 23.00
GGBS 50% 1 14.66 17.05 20.47
2 14.80 17.20 20.60
3 14.50 16.95 20.35

Compressive Strength of M30 Cubes using GGBS

7 Days
14 Days
—e— 28 Days

w
o
o

Compressive Strength (N/mm?)
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Graph 3.4: Compressive strength of M30 grade concrete
at various % of Ground Granulated Blast Furnace Slag
(GGBS)

Observations from the Graph:
1. Normal Concrete (0% GGBS):
o The baseline concrete shows a 7-day strength of
approximately 20.8 N/mm?, a 14-day strength of
25.6 N/mm?, and a 28-day strength of 30 N/mm?.
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o This establishes the reference for comparing the
effect of GGBS replacement on compressive
strength.

2.GGBS 5% Replacement:

o At 5% GGBS replacement, the 7-day strength
slightly increases to around 21.46 N/mm?, while
the 28-day strength rises to 30.96 N/mm?2.

o This indicates a minor improvement in strength

due to the pozzolanic reaction of GGBS, which
contributes to additional cementitious compounds

over time.

3.GGBS 10% Replacement:

o

With 10% GGBS, the 7-day
approximately 21.73 N/mm? and 28-day strength

strength s

32.08 N/mm?, showing a clear positive trend
compared to normal concrete.

The 14-day strength also improves slightly,
reflecting accelerated early-age strength gain due

to optimum GGBS replacement.

4.GGBS 20% and 30% Replacement:

@)

At 20% GGBS, the 28-day strength reaches 32.54
N/mm?, while at 30% it reaches 34.22 N/mm?,

marking the peak compressive strength among all

replacements.
This trend demonstrates that moderate GGBS
replacement (20-30%) enhances long-term

strength due to the additional calcium silicate

hydrate formation from the pozzolanic reaction.

5.High GGBS Replacement (40-50%):

@)

At 40% replacement, the 28-day strength drops
sharply to 23.12 N/mm?, and at 50% it further
decreases to 20.47 N/mma?2.

This reduction occurs because excessive GGBS
reduces the cement content too much, limiting the
early-age hydration and resulting in a weaker
matrix.

Although GGBS contributes pozzolanic action, its
effect cannot compensate for the reduced cement

content at very high replacements.

6.Curing Age Effect:

For all replacement levels, compressive strength

The greatest strength gain is observed in mixes
with 20-30% GGBS, reflecting the long-term

Lower or excessive replacement levels show

o
increases consistently from 7 days to 28 days.
o
pozzolanic contribution.
o
slower or limited strength gain over time.
20

7.0verall Trend:
o The graph shows a bell-shaped trend, where
compressive strength first increases with

increasing GGBS content (up to 30%) and then
decreases at higher replacements.
o This indicates an optimum GGBS replacement
around 20-30%

compressive strength in M30 concrete.

level of for maximizing

8.Practical Implications:

o Moderate GGBS replacement improves durability
and long-term strength while also reducing
cement usage, contributing to sustainable concrete
practices.

o Excessive replacement (>40%) should be avoided
in structural applications due to significant

strength reduction.

3.5 Fly Ash

Fly ash, a waste generated by thermal power plants,
poses a significant environmental concern due to its
disposal challenges and potential ecological impact. This
study investigates the use of fly ash in cement concrete
as a partial replacement of cement and as an additive,
aiming to provide a sustainable and environmentally
friendly approach for its disposal and reuse. The
research focuses on incorporating fly ash in concrete
mixtures by replacing cement at varying levels from 5%
to 25%, in incremental steps of 5%. The study is
conducted as a case study for the Koradi Thermal Power
Plant in Nagpur, Maharashtra, assessing the feasibility
and advantages of using fly ash in concrete production.
The goal is to demonstrate the potential of fly ash as a
supplementary  cementitious  material, reducing
dependence on conventional cement and promoting
sustainable construction practices. In this investigation,
M30 grade concrete was prepared using a nominal mix
design according to IS 456-2000, with a water-cement
ratio of 0.5. Fly ash was blended into the cement at
replacement levels of 5%, 10%, 15%, 20%, and 25% by
weight of cement. For compressive strength testing,
concrete samples were cast in 15 cm x 15 cm x 15 cm
molds, ensuring the top surface was properly leveled. A
total of 18 cubes were prepared, with six specimens
corresponding to each fly ash replacement level. The
freshly cast cubes were covered with wet gunny bags for

24 hours to prevent premature drying and then
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submerged in a curing tank for the designated period.

After curing, the specimens were removed from water

and immediately tested for compressive strength using a

Universal Testing Machine, providing data on the

influence of fly ash content on concrete performance.

Table 3.5: Compressive Strength of M30 Cubes using

Fly Ash
% Fly Sample 7 Days 14 Days 28 Days
Ash
0% 1 13.86 26.12 31.27
2 13.70 26.25 31.15
3 13.95 26.05 31.30
5% 1 14.93 28.98 29.86
2 14.85 28.75 29.95
3 15.00 29.10 29.80
10% 1 9.32 24.17 24.35
2 9.25 24.00 24.20
3 9.40 24.35 24.50
15% 1 9.59 18.66 23.83
2 9.50 18.50 23.75
3 9.65 18.80 23.90
20% 1 10.13 17.07 22.92
2 10.00 16.95 22.85
3 10.20 17.20 23.00
25% 1 7.45 14.21 22.39
2 7.40 14.10 22.30
3 7.50 14.30 22.45
Compressive Strength of M30 Cubes using Fly Ash
. i
=
%’ 20
§ 15
£
8
10
0% 5% 10% 5% 20% 5%

% Fly Ash

Graph 3.5: Compressive strength of M30 grade concrete

at various % of Fly Ash

Observations from Graph:

1.

o

Normal Concrete (0% Fly Ash):

The control concrete shows consistent 7-day
strength values ranging from 13.70 to 13.95
N/mm?, 14-day strength between 26.05 and 26.25
N/mm?, and 28-day strength from 31.15 to 31.30

N/mma?2.

21

o

This provides the baseline for comparing the effect

of Fly Ash replacement on compressive strength.

2.Fly Ash 5% Replacement:

o

At 5% replacement, the 7-day strengths increase
slightly to a range of 14.85-15.00 N/mm?, showing
a minor improvement in early strength compared
to normal concrete.

The 14-day strengths range between 28.75 and
29.10 N/mm?, and 28-day strengths are around
29.80-29.95 N/mm?.

This indicates that small amounts of Fly Ash
contribute positively to early strength due to its
filler effect, though 28-day strength is slightly

lower than the control concrete.

3.Fly Ash 10% Replacement:

O

At 10% replacement, the 7-day strength drops
significantly to 9.25-9.40 N/mm?, reflecting a
slower early-age hydration due to partial cement
replacement.

The 14-day strength is 24.00-24.35 N/mm?, and
28-day strength is 24.20-24.50 N/mm?, showing
that moderate Fly Ash replacement decreases both
early and late-age compressive strength compared

to normal concrete.

4.Fly Ash 15% Replacement:

o

For 15% Fly Ash, 7-day strengths are slightly
higher than 10% replacement (9.50-9.65 N/mm?),
but 14-day strength drops sharply to 18.50-18.80
N/mma?.

The 28-day strength is 23.75-23.90 N/mm?
indicating that higher Fly Ash content slows
hydration and reduces

initially strength

development over time.

5.Fly Ash 20% Replacement:

o

At 20% Fly Ash, 7-day strengths improve slightly
to 10.00-10.20 N/mm?, but 14-day strength
decreases further to 16.95-17.20 N/mm?.

28-day strength is 22.85-23.00 N/mm?, showing
that excessive Fly Ash replacement reduces
compressive lower

strength compared to

replacement levels and normal concrete.

6.Fly Ash 25% Replacement:

(0]

With 25% replacement, 7-day strengths drop
significantly to 7.40-7.50 N/mm?, 14-day strengths
are only 14.10-14.30 N/mm?, and 28-day strength
is 22.30-22.45 N/mm?.

International Journal for Modern Trends in Science and Technology



o This demonstrates that very high Fly Ash
replacement negatively impacts both early and
long-term compressive strength due to insufficient
cementitious material for hydration.

7.Curing Age Effect:

o For all replacement levels, compressive strength
increases with curing age from 7 days to 28 days.

o The highest strength gain with curing time is
observed in normal concrete (0% Fly Ash) and low
Fly Ash replacement (5%).

o Higher replacement levels (10-25%) show slower
strength gain and lower final strength, indicating
that Fly Ash delays early hydration.

8.Overall Trend:

o The data shows that low Fly Ash replacement
(5%) can slightly improve early strength, while
moderate-to-high replacements (10-25%) reduce
both early and 28-day compressive strength.

o Optimal Fly Ash replacement for maintaining
strength in M30 concrete appears to be very low,
around 5%.

9.Practical Implications:

o Small amounts of Fly Ash improve sustainability
and slightly enhance early strength.

o High Fly Ash replacements (>15%) should be
avoided in structural concrete where early and

28-day strength is critical.

4. CONCLUSION

The present research on sustainable materials in rigid
pavement construction provides significant insights into
the potential of alternative resources such as bamboo
fiber, coconut fiber, human hair fiber, fly ash, and
ground granulated blast furnace slag (GGBEFS) as partial
replacements and reinforcements for conventional rigid
the the

experimental program clearly demonstrate that the

pavement materials, and outcomes of
incorporation of these materials not only contributes to
addressing pressing environmental concerns such as
waste management, reduction of greenhouse gas
emissions, and conservation of natural resources, but
also leads to noticeable improvements in the mechanical,
durability, and functional performance of pavement
concrete; the study has established that bamboo fiber,
coconut fiber, and human hair fiber act as effective

reinforcing agents, enhancing tensile strength, flexural

performance, crack resistance, and post-cracking
ductility, while supplementary cementitious materials
such as fly ash and GGBFS significantly improve
workability, long-term strength gain, and resistance
against aggressive environmental conditions, thereby
producing a synergistic effect that results in sustainable
and resilient pavement mixes. Furthermore, the study
highlights that the use of these materials reduces the
overall carbon footprint of pavement construction by
minimizing dependence cement and
which

environmentally damaging in their extraction and

on virgin

aggregates, are  energy-intensive  and

production, thereby aligning infrastructure development
with global sustainability goals; in addition to the
environmental advantages, the cost-effectiveness of
these sustainable alternatives was also observed as the
utilization of waste materials like human hair and
coconut fiber, as well as industrial by-products such as
fly ash and GGBFS, significantly reduces raw material
construction costs  without

expenses, lowering

compromising on structural integrity.

ACKNOWLEDGMENT

The authors express their sincere gratitude to the
Department of Civil Engineering, Kalinga University,
Naya Raipur, for providing academic support and access
to research resources essential for completing this
review. The authors also acknowledge all researchers

whose contributions form the foundation of this study.

Conflict of interest statement
Authors declare that they do not have any conflict of

interest.

REFERENCES
[1] Andiyani, et al., 2025. Quantifying the Carbon Footprint in Rigid

Pavement Construction: A Case Study. Journal of Sustainable
Infrastructure, 12(3), pp.45-58.

[2] Verma, 2025. Observation and Identification of Carbon Footprints
in Highway Construction Materials in India. International Journal
of Green Construction, 8(2), pp.112-128.

[3] Lou, et al.,, 2025. BIM and LCA Integration for Carbon Footprint
Quantification in Road Earthwork Operations. Automation in
Construction, 145, pp.104723.

[4] Wang, et al.,, 2024. Building Lifecycle Carbon Emissions: Review
and Reduction Approaches. Renewable and Sustainable Energy
Reviews, 182, pp.113544.

[5] Lendra, et al., 2024. Environmental Impacts and Green Technology
Adoption in Road Construction in Indonesia: A Literature Review.
Journal of Cleaner Production, 423, pp.137743.

22 International Journal for Modern Trends in Science and Technology



(6]

(71

(8]

(%1

[10]

(11]

(12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Maurya, S. & Kumar, U., 2024. Sustainable Practices in Rigid
Pavement Construction Using Waste Materials: Environmental
and Economic Perspectives. Resources, Conservation & Recycling,
193, pp.106789.

& Zhang,

Construction Industry: Role of Procurement, Project Delivery, and

Kumar, 2024. Carbon Emission Reduction in
AI Technologies. Journal of Construction Engineering and
Management, 150(9), pp.04024091.

Yepes,
in Asphalt
Technologies and Recycled Materials. Construction and Building
Materials, 398, pp.132410.

Jakhar, R. & Meena, R, 2023. Use of Recycled Materials in

Pavement

2024.
Using Warm Mix

Franesqui, & Valencia-Diaz, Sustainability

Enhancement Pavements

Construction: ~ Performance and Sustainability
Perspectives. Journal of Cleaner Infrastructure, 15(2), pp.87-104.
Zheng, et al., 2023. Evaluation of Carbon Emissions in Roadway
Construction at Contaminated Sites Using Life Cycle Assessment.
Environmental Impact Assessment Review, 98, pp.106866.
Al-Hindawi, et al., 2023. Enhancing Sustainability in Rigid
Pavement Construction Using Waste Concrete and GGBFS.
Construction and Building Materials, 365, pp.130123.

Akhtar, S., et al., 2023. Development and Evaluation of Recycled
Concrete Aggregate for Sustainable Pavement Materials.
Resources, Conservation & Recycling, 191, pp.106656.

Martinelli, et al., 2023. Coconut Fibers in Cementitious Composites:
Sustainable Material ~Applications.
Materials, 27(3), pp.213-229.

Singh, et al., 2023. Carbon Footprint Estimation Tool for Highway

Journal of Sustainable

Constructions in India. International Journal of Construction
Management, 23(4), pp.784-799.

Aliu, A, Fakuyi, T. & Williams, J., 2022. Use of Coconut Fibers for
Enhancing Strength and Load-Bearing Capacity of Concrete
Beams. Journal of Materials in Civil Engineering, 34(12),
pp-04022456.

Navas, et al.,, 2022. Sustainable Alternatives to Conventional
Construction Materials: Resource Efficiency and Environmental
Impact. Sustainable Cities and Society, 83, pp.103936.

Hatmoko, J.U.D. & Lendra, L, 2021. Environmental Impact
Analysis of Flexible Using EI99
Methodology. 27(4),
pp-04021048.

Arunaa, P. & Rupini, R., 2021. Green Highway Technologies in

and Rigid Pavements

Journal of Infrastructure Systems,

Gujarat, India: Carbon Footprint Reduction Strategies. Journal of
Green Building, 16(2), pp.1-19.

Salehi, et al., 2021. Life Cycle Assessment and Cost Analysis of
Recycled Materials in Pavement Construction. Resources,
Conservation & Recycling, 169, pp.105523.

Sizirici, et al., 2021. Carbon Footprint Reduction Strategies Across
Construction Project Life Cycle. Journal of Cleaner Production, 315,
pp-128196.

Kumar, R, Puri, A. & Aggarwal, S., 2020. Sustainable Building
Materials for Construction Industry: Environmental Implications
and Performance. Journal of Sustainable Construction Materials,
12(1), pp.45-62.

Pillay, K., Olalusi, O. & Mostafa, A., 2020. Paper Mill Waste Ash as
Partial Sustainable

Cement Replacement in Concrete for

Pavements. Construction and Building Materials, 263, pp.120462.

23

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Xiao, Y., et al, 2020. Recent Advancements in Sustainable
Pavement Materials: Editorial Overview. Materials, 13(15),
pp-3334.

Busari, A, et al,, 2019. Experimental Study on De-Hydroxylated
Kaolinitic Clay (DHKC) in Self-Compacting Concrete for Rigid
Pavements. Construction and Building Materials, 210, pp.548-563.
Nehdi, M., 2018. Sustainable Building Materials and Eco-Efficient
Construction Practices: Global Perspectives. Journal of Green
Building, 13(2), pp.45-61.

Kumar, A. & Goyal, R., 2018. Carbon Footprint Assessment in
Road Construction: Indian Context. International Journal of
Sustainable Transportation, 12(5), pp.365-378.

Chhillar, N., et al., 2017. Sustainable Construction Materials for
Building Applications: Practices and Perspectives. Journal of
Cleaner Production, 142, pp.3570-3583.

Dimoula, P., et al., 2016. Holistic Assessment of Carbon Emissions
from Road and Rail Transport Systems in Greece. Transportation
Research Part D: Transport and Environment, 44, pp.243-254.
Parikh, S., Modi, P. & Desai, A., 2016. Bamboo as a Sustainable
Construction Material in India: Strength and Cost Analysis. Journal
of Green Building, 11(3), pp.22-37.

Sreedhar, R,, et al., 2016. Carbon Footprint Assessment of Highway
Construction Materials in India Using a Life Cycle Toolkit. Journal
of Cleaner Production, 135, pp.1522-1536.

Baek, S., et al., 2015. Carbon Reduction Potential of Green Highway
Technologies in Road Construction. International Journal of
Pavement Engineering, 16(4), pp.320-333.

Naveen Kumar, P., et al., 2015. Experimental Study on Human
Hair Fiber Reinforced Concrete (M40 Grade). International Journal
of Civil Engineering Research, 6(3), pp.239-248.

Nema, R., 2015. Carbon Footprint Mitigation in Road Construction:
Methods and Practices
Construction Management, 15(4), pp.289-302.

Raj, K., 2015. Experimental Study on Effect of Fibers for Reinforced
Concrete. International Journal of Research in Engineering and
Technology, 4(5), pp.56-63.

TEDDY, 2006. Teri Energy Data Directory and Yearbook, 200506.
Tata Energy Research Institute, New Delhi.

in India. International Journal of

Patankar, P., 1991. Urban Transport in India in Distress. Central
Institute of Road Transport, Pune, India.

Kyoto Protocol Reference Manual — On Accounting of Emissions
and Assigned Amount.United Nations Framework Convention on
Climate Change. 2008.

Youliang Huang et al. Measuring Carbon Emissions of Pavement
Construction in China, research article MDPI, Basel, Switzerland,
(2016),

Carbon Guide.Carbon
http://www.carbontrust.com/media/44869/j7912_ctv043_carbon_fo

o tprinting_aw_interactive.pdf (Accessed on march 18, 2018)

Footprinting Management Trust.,

IRF (International Road Federation). Calculator for Harmonised
Assessment and Normalisation of Greenhouse gasEmissions for
Roads; IRF: Alexandria, VA, USA, 2013.

Huang, Y., Hakim, B, Zammataro, S. Measuring the carbon
footprint of road construction using CHANGER. Inter. J. Pavement
Eng., 14, 590600. 2009.

Huang, Y.; Bird, R.,; Heidrich, O. Development of a life cycle
assessment tool for construction and maintenance of asphalt
pavements. J. Clean. Prod. 17, 283296, 2009.

International Journal for Modern Trends in Science and Technology



