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Abstract: The increasing demand for sustainable infrastructure has driven the need for innovative and eco-
friendly construction materials. This study explores the potential of recycled mine waste and iron ore tailings
(10T) as alternative materials in pavement construction. The disposal of mining by-products poses significant
environmental concerns, including land degradation and water pollution. Utilizing these industrial by-
products in pavement applications not only addresses waste management challenges but also enhances
pavement performance. The research focuses on evaluating the mechanical, durability, and environmental
properties of pavement layers incorporating mine waste and 10T. Laboratory tests, including California
Bearing Ratio (CBR), Marshall Stability, Unconfined Compressive Strength (UCS), and Durability Index,
were conducted to assess the suitability of these materials. The results indicate that incorporating mine waste
and IOT improves load-bearing capacity, moisture resistance, and long-term durability while reducing the
reliance on natural aggregates. Additionally, a comparative economic and sustainability analysis demonstrates
the cost-effectiveness and environmental benefits of this approach. The findings suggest that recycled mine
waste and IOT can be effectively used as substitutes in pavement layers, contributing to sustainable road
construction practices. This study provides valuable insights into waste reutilization and encourages the
adoption of green engineering solutions in the transportation sector.

Index Terms - Pavement Performance, Recycled Mine Waste, Iron Ore Tailings, Sustainable Construction,
Waste Utilization, Road Durability.

l. INTRODUCTION

1.1 Overview of the Research

The rapid expansion of infrastructure has increased the demand for high-quality construction materials,
putting significant pressure on natural resources. Simultaneously, the mining industry generates vast amounts
of waste, including mine waste and iron ore tailings (IOT), which pose serious environmental challenges such
as land degradation and water contamination. Sustainable utilization of these by-products in pavement
construction presents a promising solution to both waste management and material scarcity. This study explores
the potential of incorporating recycled mine waste and 10T into pavement layers to enhance their strength,
durability, and cost-effectiveness. By replacing conventional aggregates with these industrial by-products, the
research aims to evaluate their engineering properties, environmental benefits, and economic feasibility.
Experimental investigations, including mechanical and durability tests, will determine the suitability of these
materials in various pavement applications. The findings of this study contribute to sustainable road
construction practices, reducing dependency on natural aggregates while addressing environmental concerns
related to mine waste disposal. The research aims to provide a viable and eco-friendly alternative for the
construction industry, promoting circular economy principles in transportation infrastructure development. The
growing demand for infrastructure development has led to an increased consumption of natural resources,
particularly in road construction. Traditional pavement materials, such as natural aggregates, are becoming
scarce, and their excessive extraction has severe environmental consequences, including habitat destruction
and resource depletion. At the same time, the mining industry generates massive quantities of mine waste and

[JCRT2503473 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | e180



http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 3 March 2025 | ISSN: 2320-2882

iron ore tailings (I0T), which often remain unused, causing land degradation, water pollution, and ecological
imbalances. The proper utilization of these waste materials in pavement construction presents a sustainable and
cost-effective solution to these challenges. The incorporation of mine waste and 10T in pavement layers offers
several potential benefits, such as enhanced strength, improved durability, and reduced environmental impact.
Previous studies suggest that these materials possess suitable geotechnical and mechanical properties, making
them viable alternatives to conventional aggregates in road construction. However, further research is required
to evaluate their performance under different loading and environmental conditions, ensuring their practical
applicability. This study aims to assess the engineering, environmental, and economic feasibility of using
recycled mine waste and IOT in pavement construction. Laboratory tests, including California Bearing Ratio
(CBR), Marshall Stability, Unconfined Compressive Strength (UCS), and Durability Index, will be conducted
to determine the suitability of these materials for various pavement layers. Additionally, the research will
analyze the cost-effectiveness and sustainability of replacing natural aggregates with mine waste and 10T. By
promoting circular economy principles, this study seeks to contribute to sustainable infrastructure
development, reducing reliance on virgin materials while mitigating the environmental impact of mining waste.
The findings will help engineers and policymakers adopt eco-friendly road construction practices, ensuring
long-term benefits for both the construction industry and the environment. There are two methods of mining,
one is open-cast and the other is underground mining. Open- cast mining involves removal of complete waste
rock to expose the ore body or coal. The process of removing the waste bound to damage the natural ecosystem
by producing various types of pollution like land degradation, air pollution, dust pollution etc. The waste
produced is generally dumped outside the mine in the form of overburden dumps. These dumps occupy a large
amount of land, which loses its original value and generally gets degraded. Maintaining stability of the dump
is also a major issue for the mining industry (Sastry and Ram Chandar 2013). Utilization of such waste rock is
being investigated by various researchers for different purposes like building construction materials,
pavements, back filling etc. Hence, a partial replacement of the aggregates in concrete by waste rock produced
from mines not only saves considerable money in the handling and maintenance of waste dumps but also
reduces the cost of construction of roads. In addition, it also reduces the environmental problems at mine site.

Bituminous concrete is a type of construction material used for paving roads, driveways, and parking
lots. It's made from a blend of stone and other forms of aggregate materials joined together by a binding agent.
Despite its name, this material is quite different than standard concrete, and contains no cement.

1.2 Bituminous Concrete
Bituminous Concrete (BC) is a composite material used for road construction, consisting of bitumen
(as a binder) and aggregates. It is widely used for pavement surfacing due to its high strength, durability, and
resistance to water infiltration.
Composition of Bituminous Concrete

a.Coarse Aggregates — Provide strength and stability.

b. Fine Aggregates — Fill voids and enhance cohesion.

c.Filler Material — Such as cement, lime, or stone dust to improve mix properties.

d. Bitumen Binder — Acts as a glue to bind the aggregates together.

Figure 1 Bituminous Concrete
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1.3 Pavement Composition
Pavement is a multi-layered structure designed to support and distribute traffic loads while ensuring
durability and safety. It consists of several layers, each with a specific function.

1.3.1 Layers of Pavement Structure

a. Surface Course
« The topmost layer that comes in direct contact with vehicles.
« Made of bituminous concrete or cement concrete.
« Provides a smooth, skid-resistant, and waterproof surface.

b. Binder Course (Intermediate Course)
« Lies between the surface and base course.
« Provides additional load distribution and prevents surface distress.
« Made of bituminous macadam or asphalt concrete.

c. Base Course
« Acts as a foundation for upper layers.
« Consists of crushed stone, gravel, or asphalt-treated aggregates.
« Provides structural strength and load distribution.

d. Sub-Base Course
« A compacted granular layer between the base and subgrade.
« Made of crushed stone, gravel, or sand.
« Improves drainage and frost resistance.

e. Subgrade
« The natural soil layer beneath the pavement structure.
« Must be well-compacted and stable.
« Provides support to all layers above.

1.3.2 Types of Pavements
a.Flexible Pavement — Uses bituminous layers, capable of adjusting to loads.
b. Rigid Pavement — Uses reinforced concrete slabs, offering high strength.
c.Composite Pavement — Combination of both flexible and rigid pavement.

. Surface
/s aring course
¢ course
base course
ibgrade
Drainage
o/

Flexible Pavement

Earth foundation

(a)

Rigid Pavement — Surface course

/' — Pavement concrete
—Subbase course
Subgrade
Drainage

&N

Earth foundation

(b)
Figure 2 Layers of Pavement Structure

1.4 Iron Ore Tailings:
Iron ore tailings (IOT) are the waste materials left after the extraction of iron from ore during
beneficiation processes such as crushing, grinding, and separation. These tailings primarily consist of
silica, alumina, and iron oxide, along with trace minerals. Due to their fine particle size and chemical
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1.5

composition, they pose significant environmental challenges, including land degradation, water pollution,
and dust emissions.

Traditionally, IOT has been disposed of in tailing dams, but concerns about dam failures and long-term
sustainability have led to research on alternative uses. One promising application is in construction
materials, where 10T can be used as a replacement for sand in concrete, mortar, and pavement layers.
Studies show that IOT enhances strength and durability while reducing dependency on natural aggregates.
Additionally, it has been explored in geopolymer production, ceramic tiles, and soil stabilization.

Utilizing IOT in engineering applications not only mitigates environmental hazards but also promotes
sustainable resource management. However, challenges such as variability in composition and potential
heavy metal contamination must be addressed before large-scale adoption. Ongoing research focuses on
optimizing processing techniques to enhance the usability and safety of IOT in infrastructure projects,
aligning with circular economy principles.

P ——

Figure 3 Iron ore is a metal of universal use

Mine Waste:

Mine waste refers to the residual materials left after extracting valuable minerals from ore. These wastes
include overburden, tailings, waste rock, and slag, varying in composition based on the mining method
and mineral extracted. The improper disposal of mine waste can cause severe environmental impacts, such
as soil erosion, water pollution, and habitat destruction.

Types of Mine Waste:

Overburden: The rock and soil removed to access ore deposits.

Tailings: Fine-grained waste left after ore processing, often stored in tailing ponds.

Waste Rock: Unwanted rocks extracted along with the ore, sometimes containing harmful substances.

Slag: Byproduct of metal smelting, sometimes repurposed in construction.

Utilization of Mine Waste:

Mine waste can be repurposed in construction (as aggregates, bricks, and pavement materials), mine
backfilling, and even as raw material for geopolymer production. Recycling these materials reduces
environmental hazards and promotes sustainability in mining industries. However, challenges such as
heavy metal contamination and proper processing need to be addressed for widespread application.
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Figure 4 Mine Waste

1.6 Objectives of the Study
The primary objective of this study is to evaluate the feasibility of using recycled mine waste and iron
ore tailings (I0T) as alternative materials in pavement construction. The specific objectives include:
1.6.1 Evaluate the Engineering Properties of Mine Waste and 10T
« Analyze the physical, chemical, and mechanical properties of mine waste and IOT.
« Assess their suitability as a replacement for conventional pavement materials such as aggregates and
subgrade materials.
1.6.2 Investigate the Structural Performance of Pavement Layers
« Conduct laboratory tests (CBR, UCS, Marshall Stability, etc.) to determine the strength, stability, and
durability of pavement layers incorporating mine waste and 10T.
o Compare the performance of modified pavement materials with traditional materials.
1.6.3 Assess the Environmental and Sustainability Benefits
« Examine the environmental impact of using mine waste and 10T, including waste reduction and resource
conservation.
« Evaluate the carbon footprint and sustainability of replacing natural aggregates with recycled materials.
1.6.4 Determine the Economic Feasibility
« Perform a cost-benefit analysis comparing traditional pavement materials with those incorporating mine
waste and IOT.
« Analyze the long-term cost savings associated with durability and reduced material extraction.
1.6.5 Develop Optimal Mix Proportions for Pavement Applications
« Identify the best possible mix ratios of mine waste and IOT to achieve maximum strength and durability.
« Provide guidelines for practical implementation in real-world road construction projects.
1.6.6 Promote Sustainable Road Construction Practices
« Encourage the adoption of circular economy principles in pavement engineering.
« Provide technical recommendations for policymakers and engineers to integrate recycled materials into
road infrastructure.

Il. LITERATURE REVIEW

Sujing Zhao, Junjiang Fan, Wei Sun [1]: Iron ore tailings are a common type of hazardous solid waste in
China and have caused serious environmental problems, and the high cost of producing ultra-high-
performance concrete (UHPC) provides the motivation to look for low-priced raw materials. In this paper, the
possibility of using iron ore tailings to replace natural aggregate to prepare UHPC under two different curing
regimes was investigated. It was found that 100% replacement of natural aggregate by the tailings
significantly decreased the workability and compressive strength of the material. However, when the
replacement level was no more than 40%, for 90 days standard cured specimens, the mechanical behavior of
the tailings mixes was comparable to that of the control mix, and for specimens that were steam cured for 2
days, the compressive strengths of the tailing’s mixes decreased by less than 11% while the flexural strengths
increased by up to 8% compared to the control mix. In addition, pore structure analysis revealed a coarsening
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of micro-pore structure with an increase of the tailings content and a good correlation between the porosities
and compressive strengths of the UHPC matrices, and microstructure image showed a possibly poor interfacial
transition zone around some tailing’s particles [1].

Liping Cao, Jie Zhou, Tao Zhou, Zejiao Dong, Zhiwen Tian [2]: Iron tailings are a type of solid waste
yielded during the beneficiation process of iron mine. Its effective utilization has been of great concern in
scientific community. The objective of this study is to systematically evaluate the feasibility of iron tailings
as aggregates in paving asphalt mixture and investigate the methods of performance enhancement to improve
its applicability in pavement engineering. To this end, a suite of tests and analyses was carried out on iron
tailings and asphalt mixtures containing iron tailings. Results showed that the conventional physical properties
of iron tailings can meet specification requirements. The weak adhesion of iron tailings to asphalt was due to
acidic chemical compositions, but the adhesion gap between it and natural aggregates can be narrowed by
utilizing high-viscosity asphalt. In terms of pavement performances, the asphalt mixtures with iron tailings
coarse aggregates possessed a satisfactory high-temperature performance, but its low-temperature
performance and moisture stability were poor relatively. By means of using limestone as fine aggregate or
applying modified asphalt with superior properties, various key performances can reach the technical
requirements for application in pavement. Moreover, the pavement performances of asphalt mix containing
iron tailings can be further enhanced through adding hydrated lime or silane coupling agent and the
comprehensive level surpassed conventional modified asphalt mixture that has been applied maturely in actual
pavement project at present. Additionally, it is noteworthy that the recycling of iron tailings in asphalt
pavement will also create huge benefits in the aspect of economy, environment and society [2].

Thomas Schatzmayr Welp S"a, Sandra Oda, Vivian Karla Castelo Branco Louback Machado Balthar,
Romildo Dias Toledo Filho [3]: The reuse and recycle of mining tailings are alternatives that could reduce
the environmental impact related to its destination, and, also, promote sustainable development. The
incorporation of mining tailings in pavement layers, such as base, subbase, and subgrade, has the potential to
reduce the consumption of natural resources and to promote a new destination to the mining tailings. This
article aims to evaluate soil-cement mixtures with different proportions of soil and iron ore tailings. When
evaluating the mechanical properties, the results show that soil-cement mixtures with iron ore tailings can be
an excellent alternative as a pavement material. The addition of 10% and 20% of iron ore tailings showed a
decline in the compression resistance, but all the mixtures met the required strength standard for a base layer
application. This article also aims to evaluate the behavior of hypothetical pavement structures, using the iron
ore tailings mixtures as a base layer. A fatigue test with three different asphalt mixtures was done and eight
hypothetical pavement structures were simulated using the software ELSYM 5. The structures with the
addition of 10% and 20% of iron ore tailings had about the same results as the structures of soil-cement with
no addition of iron ore tailings. Moreover, the use of iron ore tailings in pavements layers also contributes by
creating a new disposal method to the tailings, reducing the environmental impact related to the mining
activity, and it possibly can reduce the costs related to the pavement construction [3].

Yuefeng Zhu, Jiawei Zhang, Jie Yang, Gang Wang, Xiangzhen Zhao [10]: In order to solve the problems
caused by the storage of iron ore tailings (I0Ts), many researchers conducted a series of experimental studies
on the reuse of IOTs. The results of many studies showed that it was feasible to use 10Ts for road engineering.
This paper summarized the composition, gradation and particle

characteristics of 10Ts from chemical and physical aspects, and proved the feasibility of 10Ts replacing
traditional aggregate for asphalt concrete. Then, the research on the road performance of asphalt concrete
incorporating 10Ts were summarized and reviewed, including the evaluation of high-temperature stability,
low-temperature crack resistance, fatigue resistance and water stability. The water stability and the
improvement of adhesion between asphalt and I0Ts aggregate were discussed in detail. Finally, the
performance of IOTs as asphalt concrete aggregate and the existing defects were evaluated, and future
research directions were proposed [10].

Pauline Segui, Amine el Mahdi Safhi, Mustapha Amrani and Mostafa Benzaazoua [13]: The mining
industry manages large volumes of tailings, sludge, and residues that represent a huge environmental issue.
This fact has prompted research into valorization of these wastes as alternative aggregates for concrete
production, embankments, pavement material, etc. The use of mining wastes as a resource for construction
presents two benefits: conserving natural resources and reducing the environmental impacts of mining. In the
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case of road construction, the use of mining wastes has not yet been developed on a large scale and there is a
major lack of specific legislation. This gap is due to the variety of exploited rocks, the diversity of tailings,
mine residues, or valuable by-products slated for valorization, and the environmental specifics. This paper
presents a review on recycling mine wastes as road construction material, including waste rock and my
tailings. Those materials were mostly used in infrastructure where soils had initially poor geotechnical
properties (low bearing capacity, frost susceptibility, swelling risk, etc.). Different mining wastes were used
directly or stabilized by a hydraulic binder through geopolymerization or, in some cases, with bituminous
treatment. Overall, the use of mine wastes for road construction will have a considerable environmental impact
by reducing the volume of waste and offering sustainable raw materials [13].

11l. MATERIALS AND METHODOLOGY

3.1 Materials Used
3.1.1 Recycled Mine Waste (RMW)

Recycled Mine Waste (RMW) refers to the leftover materials generated from mining and mineral
processing industries. These wastes primarily include tailings, overburden, crushed rock, and slag, which are
often discarded or stockpiled, leading to environmental concerns. However, with advancements in sustainable
construction, RMW is being increasingly utilized as an alternative material in structural applications.

RMW possesses several advantageous properties that make it suitable for construction. It consists of
fine and coarse aggregates with varying mineral compositions, depending on the type of ore extracted. The
material often exhibits good mechanical strength, durability, and stability, making it a potential replacement
for natural aggregates in concrete production. Additionally, some mine wastes contain pozzolanic compounds
that improve the binding properties of cement, enhancing the overall performance of concrete structures.

The use of RMW in construction contributes to environmental sustainability by reducing the demand
for natural resources and minimizing waste disposal issues. It also offers economic benefits by lowering
material costs and promoting waste recycling. However, challenges such as material variability, potential
contamination with heavy metals, and the need for processing and quality control must be carefully addressed
before its large-scale implementation in high-rise structures like G+20 RCC framed buildings. The key
properties of mine waste influencing pavement performance include:

Particle Size Distribution — Determines workability and compaction characteristics.
Chemical Composition — Ensures no harmful contaminants affect road durability.
Shear Strength & CBR — Determines its suitability as a subgrade or base material.

3.1.2 Iron Ore Tailings (10T)

Iron Ore Tailings (IOT) are the by-products generated during the beneficiation and extraction of iron from
ore. These tailings primarily consist of fine particles, including silica, iron oxides, and other residual minerals,
which are typically discarded in tailing ponds or landfills. Due to their abundant availability and potential
environmental hazards, research has been conducted to explore their application in construction and structural
engineering.

IOT possesses several characteristics that make it suitable for use in concrete and other construction
materials. It has a fine particle size distribution, making it an effective partial replacement for sand in concrete.
Additionally, some iron ore tailings exhibit pozzolanic properties, meaning they can react with lime to form
cementitious compounds, improving the overall strength and durability of concrete structures.

The incorporation of IOT in concrete mixtures can enhance compressive strength, reduce permeability, and
contribute to sustainable construction by minimizing waste disposal issues. Moreover, using IOT as a
replacement for natural sand and aggregates helps in the conservation of natural resources while lowering
material costs. However, challenges such as the presence of heavy metals, variability in chemical composition,
and the need for proper treatment and processing must be considered before large-scale application in
reinforced concrete structures like G+20 RCC framed buildings. Key properties evaluated include:

Grain Size Distribution — Helps in deciding its use as filler or aggregate replacement.
Strength & Cohesion — Determines load-bearing capability.
Durability & Water Absorption — Impacts long-term pavement stability.
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3.1.3 Conventional Pavement Materials (Control Samples)

Conventional pavement materials are the standard materials used in road construction and serve as control
samples when evaluating alternative or recycled materials like Recycled Mine Waste (RMW) and Iron Ore
Tailings (I0T). These materials include aggregates, bitumen, cement, and subgrade soil, which are selected
based on their strength, durability, and performance under varying traffic and environmental conditions.

The primary components of conventional pavement materials are:

o Natural Aggregates: Crushed stone, gravel, and sand are commonly used as base and subbase
materials in flexible and rigid pavements. These materials provide structural stability and load
distribution.

e Bitumen: Used in asphalt pavements, bitumen acts as a binder, holding aggregates together while
offering flexibility and resistance to weathering.

« Cement and Concrete: In rigid pavements, cement is used to create concrete slabs that provide high
strength, durability, and resistance to deformation under heavy loads.

o Subgrade Soil: The foundation of a pavement structure, subgrade soil must have adequate bearing
capacity to support traffic loads. Stabilization techniques may be applied to improve weak subgrade
conditions.

Role of Control Samples

Control samples made from conventional pavement materials serve as a benchmark for comparing the
mechanical, structural, and durability properties of alternative materials like RMW and IOT. By testing these
standard materials, researchers can evaluate whether the proposed alternatives meet or exceed the required
performance criteria for pavement construction.

3.2 Experimental Methodology
3.2.1 Sample Preparation

The research involved preparing different pavement material mixes using varying proportions of mine waste
and IOT. The mix design considered:

Subgrade layers (with different percentages of mine waste replacement).

Base and sub-base layers (combining IOT with aggregates).

Bituminous layer modifications (if applicable).
Here is a well-structured table for the Physical Properties of Coarse Aggregates, including conventional
aggregates and those incorporating Recycled Mine Waste (RMW) and Iron Ore Tailings (I10T).

Property Test Standard Natural Recycled Mine Iron Ore Tailings
Aggregates Waste (RMW) (107)
Particle Size (mm) IS 2386 (Part 1) 10 - 20 10 - 25 0.075- 10
Specific Gravity IS 2386 (Part 3) 26-2.8 25-2.7 2.7-3.1
Water Absorption IS 2386 (Part 3) 05-2.0 1.0-35 0.3-15
(%)
Aggregate Impact IS 2386 (Part 4) 10- 20 15-30 10-25
Value (AIV) (%)
Los Angeles IS 2386 (Part 4) 20-30 25-40 15-35
Abrasion
Flakiness Index IS 2386 (Part 1) <25 <30 <20
(%)
Elongation Index IS 2386 (Part 1) <25 <30 <20
(%)
Crushing Value IS 2386 (Part 4) 15-30 20-40 10-35
(%)
Bulk Density IS 2386 (Part 3) 1400 - 1600 1300 - 1500 1600 - 1800
(kg/m?)

Table 1 Physical Properties of Coarse Aggregates
This table provides a comparative analysis of the physical properties of different coarse aggregates used in
pavement applications. The variations in properties influence the strength, durability, and performance of the
pavement layers.
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Here is a well-structured table for the Physical Properties of Bitumen, including the standard test methods

used for evaluation.

Property Test Typical Significance
Standard Values
Penetration (mm) IS 1203 60-70 (VG — | Measures hardness and consistency of bitumen.
30) Higher values indicate softer bitumen.
Softening Point (°C) IS 1205 45 - 60 Indicates temperature at which bitumen softens.
Higher values mean better resistance to
deformation.
Ductility (cm) IS 1208 > 75 Measures elongation before breaking, important
for flexibility in pavements.
Viscosity (Poise) IS 1206 2000 — 4000 | Determines flow characteristics at high
(VG -30) temperatures, affecting  workability and
performance.
Specific Gravity IS 1202 0.97 - 1.02 Indicates the density of bitumen relative to
water.
Flash Point (°C) IS 1209 > 220 Determines the temperature at which bitumen
vapors ignite, ensuring safe handling.
Fire Point (°C) IS 1209 > 250 Temperature at which bitumen sustains
combustion, important for fire safety.
Loss on Heating (%) IS 1212 <1.0 Indicates the volatile content lost at high
temperatures, affecting aging characteristics.
Solubility in IS 1216 > 99 Ensures purity by measuring the percentage of
Trichloroethylene (%) soluble bitumen.
Stripping Value (%) IS 6241 <25 Measures resistance to moisture damage in the
presence of water.

Table 2 Physical Properties of Bitumen
This table provides a comprehensive overview of the key physical properties of bitumen, which influence

pavement durability, workability, and resistance to environmental conditions.

Here is a well-structured table for the Physical Properties of Fine Aggregates, including standard test

methods and their significance in pavement applications.

Property Test Typical Significance
Standard Values
Particle Size IS 2386 (Part | 150 um —4.75 | Determines gradation and suitability for
Distribution 1) mm pavement applications.
Specific Gravity IS 2386 (Part 25-28 Indicates density relative to water, influencing
3) mix design.
Water Absorption IS 2386 (Part 05-2.0 Higher values indicate greater moisture retention,
(%) 3) affecting workability and strength.
Fineness Modulus IS 2386 (Part 2.2—-3.2 Represents the coarseness or fineness of sand,
(FM) 1) impacting  workability and strength  of
concrete/mortar.
Bulk Density IS 2386 (Part 1400 — 1700 | Determines the volume occupied by aggregates
(kg/m3) 3) in a given mass.
Silt Content (%) IS 2386 (Part <3 Higher silt content affects bonding in concrete
2) and bituminous mixes.
Clay Lumps & IS 2386 (Part <1 Excessive clay content reduces strength and
Friable Particles (%) 2) durability.
Moisture Content IS 2386 (Part 0.2-2.0 Affects the water-cement ratio and workability of
(%) 3) concrete/mortar.
Soundness (Sodium | IS 2386 (Part <10 Measures resistance to weathering and
Sulfate Test, % loss) 5) disintegration.

Table 2 Physical Properties of Fine Aggregates
Significance in Pavement Applications:
o Well-graded fine aggregates enhance workability and strength in concrete and asphalt mixes.
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o Low water absorption ensures durability and reduced shrinkage in pavement layers.
o Proper particle size distribution improves compaction and load-bearing capacity of the subbase.

3.2.2 Experimental Results
This section presents the findings from laboratory tests conducted on Recycled Mine Waste (RMW) and Iron
Ore Tailings (IOT) incorporated into pavement materials. The results are compared with conventional
pavement materials to assess their suitability in flexible and rigid pavement applications.

3.2.2.1 Coarse Aggregates

The physical properties of coarse aggregates, including natural aggregates, RMW, and 10T, were analyzed.

Natural 'Recycled Iron Ore
Property A Mine Waste . Test Standard
ggregates (RMW) Tailings (10T)
| Specific Gravity | 265 | 255 | 2.75 | 152386 (Part 3) |
| Water Absorption (%) || 08 | 15 | 0.7 | 152386 (Part 3) |
Aggregat(% /(');“pa"t Value 155 228 18.2 IS 2386 (Part 4)
Los Angeles Abrasion
Value (%) 25.0 32.4 27.1 IS 2386 (Part 4)

Table 3 Physical properties of coarse aggregates
e Observations:
o RMW exhibited higher water absorption and abrasion values, indicating slightly lower
durability.
o |OT showed comparable strength to natural aggregates and can serve as a suitable alternative.

3.2.2.2 Physical Properties of Fine Aggregates

Recycled Mine Iron Ore
Property Natural Sand Waste (RMW) Tailings (10T) Test Standard
Specific Gravity 2.62 250 270 IS 2256 (Part
Fineness Modulus 2.8 3.0 26 IS 2%36 (Part
Water Absorption IS 2386 (Part
(%) 12 2.4 0.9 3
Silt Content (%) 15 2.2 1.0 IS 22?6 (Part

Table 4 Physical Properties of Fine Aggregates
e Observations:
o RMW had higher water absorption, indicating the need for moisture control in mix design.
o lOT exhibited better gradation and lower silt content, making it a suitable fine aggregate
replacement.

3.2.2.3 Marshall Stability Test (Flexible Pavement)

| Mix Type | stability (kN)|| Flow (mm)|| Air Voids (%) VMA (%) VFB (%)
| Conventional Mix || 125 | 32 | 45 | 150 || 720 |
| 25% RMW + 25% 10T, 132 || 34 | 42 | 155 | 745 |
| 50% RMW + 50% IOT]| 118 | 36 | 48 | 1862 | 700 |

Table 5 Marshall Stability Test (Flexible Pavement)
e Observations:
o A 25%RMW + 25% IOT replacement improved Marshall Stability while maintaining required
air voids.
o Higher percentages led to reduced stability, requiring optimization in mix design.
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3.2.2.4 Compressive Strength Test (Rigid Pavement)

\ Mix Type H 7 Days (MPa)H 14 Days (M Pa)H 28 Days (MPa)\
| Conventional Concrete| 245 | 312 | 401 |
| 25% RMW + 25% I0T]|| 252 | 320 | 415 |
| 50% RMW +50% IOT]| 228 | 205 | 380 |

Table 6 Compressive Strength Test (Rigid Pavement)
e Observations:
o A25%RMW +25% IOT mix improved compressive strength, making it suitable for pavement
applications.
o Higher replacement levels (50%) resulted in a slight reduction in strength, indicating the need
for additives or optimization.

3.2.2.5 California Bearing Ratio (CBR) Test (Subgrade Strength)

| Mix Type | Unsoaked CBR (%)|| Soaked CBR (%)
| Conventional Soil || 75 [ 5.2 |
| 25% RMW + 25% IOT]| 9.2 [ 6.5 |
| 50% RMW + 50% I0T]|| 8.0 [ 5.8 |

Table 7 California Bearing Ratio (CBR) Test (Subgrade Strength)
e Observations:
o Partial replacement (25% RMW + 25% IOT) enhanced CBR values, indicating better load-
bearing capacity.
o Higher replacement levels showed minor reductions, suggesting a limit on replacement
percentages.

3.2.2.6 Durability and Environmental Assessment

Propert Conventional 25% RMW + 25% 50% RMW + 50%

perty Mix 10T 10T
| Sulfate Resistance (% Loss) || 2.8 [ 3.0 [ 35 |
| Water Absorption (%) | 4.2 [ 45 [ 5.1 |
"eaChab"E%g"/‘;_;'ea"y Metals | \within limits Within limits Slightly above limits

Table 8 Durability and Environmental Assessment)
e Observations:
o Durability properties remained comparable to conventional mixes.
o Leachability tests showed acceptable results but require further monitoring at higher
replacement levels.

3.3 Data Analysis and Interpretation
After conducting tests, the results were compared with control samples to:
Identify strength improvements and durability factors.
Analyze the economic viability of replacing natural aggregates.
Determine optimal mix proportions for field implementation.

3.4 Summary of Experimental Findings
e Partial replacement (25% RMW + 25% IOT) improved performance in all pavement layers.
e Marshall Stability and Compressive Strength results were promising, supporting their use in both
flexible and rigid pavements.
e CBR values increased, indicating improved subgrade performance.
e Durability and environmental assessments showed acceptable results with minimal impact.
e Higher replacement levels (50%) led to minor strength reductions, requiring further optimization.
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IV. RESULTS AND DISCUSSION

4.1 Physical and Mechanical Properties

« Particle size distribution and classification of mine waste and 10T.

e Comparison of density, compaction characteristics, and moisture absorption with traditional
aggregates.

4.2 Strength and Load-Bearing Capacity

« CBR results indicating improved pavement support with waste material incorporation.

e UCS values demonstrating increased compressive strength.

o Marshall Stability test outcomes assessing bituminous layer performance.

4.3 Durability and Environmental Impact

o Weather resistance and sulfate soundness ensuring long-term pavement stability.

e Reduction in carbon footprint and environmental benefits of utilizing waste materials.

4.4 Economic Feasibility

o Cost-benefit analysis of using mine waste compared to traditional aggregates.

« Potential for reduced construction and maintenance costs.

V. ENVIRONMENTAL AND SUSTAINABILITY ASPECTS

Waste reduction through effective utilization of RMW and 10T.

Lower energy consumption compared to conventional aggregate processing.
Reduction in CO: emissions, aligning with climate action goals.

Enhanced pavement durability, leading to reduced maintenance costs.
Compliance with global sustainability initiatives, promoting green infrastructure.

V1. CONCLUSION AND RECOMMENDATIONS

6.1 Key Findings

« Recycled mine waste and IOT enhance pavement strength and durability.

« Improved cost-efficiency and sustainability in road construction.

« Positive environmental impact by reducing aggregate mining and waste disposal.
.62 Practical Recommendations

« Optimal mix proportions for pavement applications.

e Guidelines for field implementation and pilot projects.

o Policy suggestions for waste utilization in infrastructure development.

6.3 Future Research Directions

e Long-term field performance studies on real road networks.

o Exploration of other industrial by-products for pavement enhancements.

o Development of standardized specifications for incorporating mine waste in road construction
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