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Abstract: Industrial waste and their disposal are currently a major issue in India while highway
materials such as crushed stone, sand, and gravel are in high demand, yet economic resources are
often scarce. The development of significant amounts of industrial waste necessitates not only its
disposal, but also its treatment prior to disposal in order to reduce contamination of soil, water, and
air. Given the sharp increase in the number of factories and industries, it is important to understand
the advantages of waste materials that can be recycled and used in various ways. Adopting these
waste materials from industry for highway construction is the best use for them. These aspects are
also a factor influencing production costs. So, the current study is concerned with the utilization of
waste materials in highway construction, including waste tires, waste glass, retrieved paving
materials, slag and ashes, construction rubble, and sewage waste. Based on technical,
environmental, and economic factors, reclaimed paving materials, coal fly ash blast furnace slag,
boiler slag, steel slag, and rubber tire have significant potential to replace conventional materials in
various applications in highway construction and should be projected for future construction.
Increased use of wastes and byproducts will reduce demand for accessible materials while also
assisting in the resolution of many disposal issues.
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1. Introduction

Building roads is a crucial component of infrastructure development since it helps to link and grow
cities and regions. However, the traditional techniques for building roads frequently rely on finite
natural resources, causing environmental damage and a rise in carbon emissions. Sustainable
procedures and the use of industrial waste materials for road construction have gained popularity in
recent years.

Industrial waste materials generated during diverse manufacturing processes provide substantial
disposal and management issues. These waste materials, on the other hand, frequently have unique
qualities that make them ideal alternatives to typical construction materials. We can gain several
benefits by using industrial waste materials into road building, including reduced environmental
impact, natural resource conservation, and increased road performance. One of the primary benefits
of using industrial waste materials in road construction is the possibility of reducing landfill waste.
By diverting these products from landfills, we can reduce the impact on already overburdened
landfills while also supporting a circular economy approach. Incorporating industrial waste materials
into road building not only helps to address the waste management crisis, but it also improves the
construction industry's overall sustainability. Furthermore, the use of industrial waste materials can
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result in large reductions in carbon emissions. Traditional road construction materials, such as
asphalt and concrete, need a lot of energy to make and contribute significantly to greenhouse gas
emissions. We may reduce the carbon footprint connected with road construction by substituting a
portion of these materials with industrial waste products, contributing to worldwide efforts to
mitigate climate change. Furthermore, industrial waste materials frequently have useful properties
that might improve road performance. Certain waste materials, for example, have good binding
characteristics making them appropriate for use as road stabilizers or fillers. These materials have the
potential to improve the longevity, strength, and robustness of road surfaces, enabling more durable
and economical infrastructure.

To summarize, using industrial waste materials in road building is a viable strategy to addressing
environmental problems, reducing trash output, and improving road performance. We can establish a
more efficient and eco-friendly road infrastructure that satisfies the needs of modern civilization
while limiting our environmental effect by embracing sustainable techniques and incorporating these
materials into construction techniques.

2. Literature Survey
Material characteristics of industrial waste byproducts:

Several industrial waste byproduct materials have been explored for their potential use in road
construction. Because of its pozzolanic qualities and propensity to improve the strength and
longevity of road pavements, fly ash, a byproduct of coal combustion, has been intensively
researched. Fly ash is currently utilized annually in about 20 million metric tons (22 million tons) of
technical applications. Portland cement concrete (PCC), soil and road foundation stabilization,
flowable fills, grouts, structural fill, and asphalt filler are examples of common highway engineering
applications.

S. Kumar and C.B.[1] Currently, more than 70 operational coal-based thermal power plants in India
produce about 100 million tonnes of fly ash annually (mtpa). In the next two to three years, this
number is anticipated to surpass 120 mtpa; with increased thermal power generation, it will rise even
more and might double in the next ten to twelve years. In comparison to affluent nations, India now
uses just about 19% of its fly ash resources. A strategy for reducing the amount of resources used in
road construction was discussed by S. Kumar and C.B. Patil. Depending on embankment height and
pavement type, soil savings by utilizing the fly ash are reported to range from 358 to 1492 kg/m?® of
road formation. It is found that GSB construction cost saved the most natural resources overall, with
WBM construction cost and other layers coming in second and third. A road formation with flexible
pavement can save around 400 kg of stone aggregate, 70 kg of stone chips, and 15 kilogram of
moorum per m®. Fly ash use in road development results in significant land area savings since it can
replace topsoil and lower ash pond size for a given dyke height.

O. Simsek et.al.[2]Due to the increasing global environmental concerns, the recycling of concrete
and industrial wastes in the creation of new concrete structures has seen an increase in popularity. In
order to better understand how it impacts on the stability of dimension and longevity aspects of fly
ash-blended Portland cement concrete, recycled concrete aggregate was investigated in this study at
various replacement amounts (0-100%) as fine or coarse aggregate sources. The use of coarse
recycled concrete aggregate resulted in better compressive strength values of concrete exposed to
with and without wetting—drying and freezing-thawing cycles when compared to fine ones. The 90-
day compressive strength of concrete was dramatically increased by the addition of fly ash.
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G Dondi et.al.[3] The mechanical characteristics of steel slag in this study support its usage as
aggregate in the creation of bituminous mixtures. In road construction, they are used to replace fine
aggregate and filler in bituminous mixtures. The laboratory performance of the mixes was evaluated
using mechanical characterizations, Marshall stability, and indirect tensile resilient modulus (ITSM)
tests. The study authors used these materials in the characterization of cementitious layers as well as
those with bituminous conglomerate in this investigation. The introduction of steel slag in both cases
encouraged an increase in stiffness in the mixtures. The asphalt mixture with a higher percentage of
slugs in weight of aggregate has more stability and stiffness. The best mixture contained 4.5%
bitumen and 30% slag.

B.G. Buddhdev et. al. [4] The effect of blast furnace slag (BFS) as a fine aggregate, as a
replacement of sand to build concrete mostly for pavement, is shown in this work using laboratory
tests.The laboratory program comprised material characterization, such as BFS and workability,
density, heat of hydration, compressive strength, and flexural strength of concrete using natural sand
and BFS. The findings of laboratory studies on concrete with various grades M30, M40, and M50,
which are commonly used in pavement construction, have been published.The trial results indicate a
prospective use of BFS in concrete manufacturing by replacing natural sand, which surely saves
natural resources, as artificial sand is now used for concrete production in metro centers. Finally, this
research looks into a novel material called BFS for concrete in general and pavements in particular.

According to the test results given in Table 7, the compressive strength of all grades of concrete with
BFS was found to be lower than that of conventional concrete after 7 days of maturation. The
compressive strengths of all remaining maturity periods, such as 28, 91, and 365 days, for all classes
of concrete with BFS were determined to be greater than the conventional concrete. The greater
compressive strength value in concrete containing BFS after 28 days of aging is attributable to
nucleation and pozzolanic components present in the BFS. When conventional and BFS specimens
were evaluated for compressive strengths, the cracking pattern and failure mechanism of both
concretes were discovered to be similar. Up to 7 days, the flexural strength of concrete with BFS is
lower than that of regular concrete. However, after 28 days of maturation, the strength of concrete
with BFS increases. The flexural strength of BFS concrete is equivalent to conventional concrete
because the strength changes are only 1 to 4%.

S Shamim and A Vikram [5] The purpose of this research is to determine how much waste plastic
will be produced when a suitable proportion of an admixture such as TiO; is blended into the
standard plastic waste mix that will be used to make waste plastic pavements. There were two types
of plastic trash samples cast, one with Tio2 and one without TiO,. Both types of samples were
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created using the Marshall Mix design as required by MORTH (IV revision). Tests such as the
Marshall stability test and the indirect tensile strength test were performed on both types of samples,
and the results were compared. It was discovered that the Marshall stability and indirect tensile
strength tests show a significant increase in their respective values of plastic samples blended with
Tio2 when compared to normal plastic waste samples at 17% waste plastic. When compared to
regular plastic waste samples, the Marshall stability value was found to be the greatest, while the
indirect tensile strength at 17% plastic waste blended with 17% Tio2 showed the highest values. It
was discovered that using TiO; as an admixture produced excellent results and displayed maximum
values for engineering and rheological parameters such as Marshall Stability. This experimental
study reveals that the utilization of plastic waste, blended with Tio2, for DBM (dense graded
bitumen mix), increased the value of the strength parameter, i.e. Marshall Stability, and the
maximum values increased by approximately 35% by the addition of TiO,& PET.

Plastic waste generated per person
(Kg)

59 53

37 36/ 34

Plastic waste generation per persion in different countries

A Baikerikar et. al. [6] The purpose of this research is to investigate the combined influence of
waste glass powder and waste glass sand as a partial replacement for cement and sand, respectively,
in the production of eco-friendly concrete. During the current investigation, cement concrete
mixtures with waste glass powder contents ranging from 5% to 25% as cement replacement with 5%
incremental steps and glass sand contents ranging from 10% to 50% as fine aggregate replacement
with 10% incremental steps were tested. The combination of 5% glass powder and 10% glass sand
was determined to be optimal in terms of both strength and durability. The usage of waste glass
lowered water absorption as well as chloride ion penetration, showing to be quite beneficial. FESEM
and EDX analyses were also performed on the modified samples to observe the morphological and
elemental changes that occurred as a result of the concrete alteration. Using an optimized
combination of waste glass powder and waste glass sand as cement and fine aggregate replacements,
a unique and eco-friendly concrete with increased performance was proposed in this research work.

D Panda and A Satapathy[7] In this investigation, scrap tire crumb rubber (CR) was collected from
a local source and employed as a modifier to bituminous mix. Other materials were collected and
tested for suitable qualities, such as aggregates, filler, and bitumen. In the Marshall Mix design, CR
size 300 with gquantities of 5 and 10% was blended in with aggregate and then coated with bitumen.
When the modified and conventional mixes were compared, it was discovered that the stability value
of the 5% crumb rubber modified mix (CRMM) increased by 8.08-21% and the flow value decreased
by 10-8% in comparison to the conventional mix with a high Marshall Quotient, and that the stability
value of the 5% CRMM at optimum binder content increased by 21.2% and specific gravity
decreased by 1.29%, but that the stability of the 10% CRMM decreased to 63.73%. As a result, it is
determined that using 10% CR in bituminous roads eventually reduces the quality and strength,
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whereas using 5% CRMM can possibly increase the mix quality and improve the strength
performance of the pavement.

Conclusion

To summarise, the use of industrial waste in highway construction provides several benefits and has
enormous potential for long-term infrastructure development. It may solve environmental problems,
reduce landfill consumption, and encourage resource conservation by repurposing waste materials
from companies. Integrating industrial waste into highway buildings provides a cost-effective
alternative to typical construction materials while also improving the infrastructure's longevity and
performance. By diverting waste from landfills and lowering the demand for raw material extraction,
the use of industrial waste in highway constructing helps to alleviate the environmental impact of
industries. This method adds to waste management techniques, pollution reduction, and the
promotion of a circular economy. In addition, using industrial waste in highway construction
improves the infrastructure's overall performance and toughness. Many waste materials have
desirable qualities that can enhance the strength and durability of roads and bridges, such as high
strength, thermal stability, or increased binding capabilities. Additionally, recycling waste materials
might aid in solving particular technical problems like lowering heat island effects or boosting
erosion and crack resistance. The use of industrial waste in highway building does, however,
necessitate appropriate testing, quality control, and adherence to pertinent laws and norms. To verify
the acceptability and compatibility of waste materials with particular construction needs and
conditions, in-depth research and evaluation are required.
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