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Abstract

As India undergoes massive infrastructural expansion, the construction sector faces an urgent
demand for cost-effective, eco-friendly building materials. A significant hurdle in regions such as
Pune, Maharashtra, is the presence of highly reactive expansive soils. These terrains present severe
engineering difficulties due to their poor weight-bearing capabilities and tendency to drastically
alter volume with moisture changes.

This research investigates a pragmatic and green workaround: blending industrial by-products
(specifically copper slag and waste sand) with agricultural residues (rice husk, bagasse, and sawdust
ashes) to reinforce the ground. Testing these mixtures revealed substantial upgrades in the soil's
compaction, shear strength, and plasticity. By substituting traditional, carbon-heavy stabilizers with
these discarded materials, we can simultaneously achieve superior mechanical performance and
lower environmental impact, offering a highly sustainable framework for civil projects in India.

1. Introduction

The earth beneath our feet serves as the ultimate foundation for all structural endeavors. However,
natural terrain is rarely optimal for immediate construction. Across Western India, expansive clay
is widely prevalent. Driven by seasonal weather fluctuations, this ground swells intensely when
saturated and contracts tightly during droughts, frequently causing pavement fractures and
foundation failures.

With metropolitan areas like Pune developing at breakneck speeds, addressing these problematic
soils is critical. Historically, engineers have relied heavily on cement or lime to bind the earth.
While functionally effective, these conventional methods are financially demanding and
ecologically damaging, largely due to the massive greenhouse gas emissions associated with
cement production.

Simultaneously, India generates staggering volumes of industrial and agricultural refuse. Improper
disposal pollutes local ecosystems and occupies valuable land. By repurposing these waste streams
as ground-conditioning agents, we can fortify construction sites while actively mitigating a
nationwide waste crisis. This study details the synergistic effects of combining these specific
residues to formulate a superior, greener stabilizer.
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2. Literature Review

Numerous academic works have explored the repurposing of discarded materials for ground
improvement. Copper slag, a residual material from metal refining, exhibits exceptional mechanical
traits owing to its high density and granular texture. Incorporating it into earth matrices enhances
compaction and load distribution. When paired with a calcium source like lime, it facilitates
chemical binding that solidifies the soil matrix. Factory-sourced waste sand acts in a supplementary
role, filling microscopic voids and optimizing particle gradation to yield a much denser base.

Conversely, farming residues are highly valued for their chemical composition, particularly their
silica content. Rice husk ash, abundant across India's agricultural belt, is rich in amorphous silica.
Upon contact with lime, it triggers pozzolanic reactions, generating robust cementitious gels that
drastically elevate material strength. Ashes derived from sugarcane processing (bagasse) and
timber milling (sawdust) similarly mitigate swelling behaviors. Contemporary research suggests
that merging granular industrial waste with reactive agricultural ashes produces a dual-action
stabilization effect, optimizing both physical interlocking and chemical cohesion.

3. Materials and Site Context

This investigation centered on the characteristic expansive clay indigenous to the Pune district.
Often referred to locally as "black cotton soil," it is infamous for its elevated plasticity, inadequate
drainage, and minimal bearing strength. Its behavior is highly volatile, expanding dangerously
during monsoon rains and developing deep fissures wunder the summer sun.

To treat this earth, copper slag and waste sand were procured from adjacent manufacturing zones,
while the necessary agricultural ashes were collected from rural farming and milling operations.
Because Pune experiences dramatic shifts between torrential rains and arid heat, any proposed
stabilization mixture must prove resilient against aggressive wet-dry cycling.

4. Experimental Methodology

A rigorous sequence of laboratory evaluations was conducted using varying ratios of the selected
residues. Initially, raw soil samples were desiccated, crushed, and filtered to eliminate debris before
being thoroughly blended with the target additives.

Comparative assessments were then executed between the baseline earth and the modified samples.
The testing protocol included an analysis of specific gravity and Atterberg limits, Standard Proctor
testing to gauge compaction density, and structural assessments via Unconfined Compressive
Strength (UCS) and California Bearing Ratio (CBR) evaluations. All modified samples were
hydrated to their optimal moisture thresholds, compacted to peak density, and allowed an adequate
curing window to ensure the chemical bonding processes were fully realized.
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5. Results and Observations

Analytical outcomes confirmed that the integrated waste materials profoundly upgraded the earth's
engineering profile. The introduction of copper slag notably elevated the maximum dry density; its
inherent weight and granular shape facilitated tighter particle arrangement and minimized internal
voids.

The inclusion of farm-derived ashes successfully suppressed the soil's plasticity, sharply reducing
its vulnerability to shrink-swell cycles. Furthermore, the chemical reactions between the silica-
heavy ash and lime generated strong bonds that locked the soil particles in place. Consequently,
the modified ground exhibited exceptional load resistance. UCS metrics surged, reflecting higher
compressive tolerance, while the elevated CBR values confirmed the mixture's viability as a robust
foundation for roadway infrastructure.

The comparative performance metrics are detailed below:

Testing Metric  Baseline Earth Slag + Lime Ash + Lime Hybrid
Blend Blend Stabilization
Peak Dry 1.55 1.75 1.68 1.80
Density (g/cc)
Ideal Moisture 18 14 15 13
Level (%)
Plasticity Index 28 18 16 12
(%)
Compressive 120 260 220 300
Strength
(kN/m?)
Bearing Ratio - 3.5 8.5 7.2 10.5
CBR (%)
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Graph 1: UCS Variation
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Graph 2: CBR Variation
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6. Ecological and Financial Benefits

Employing these discarded resources delivers profound ecological advantages. It directly diverts
harmful by-products from regional landfills, curbing soil and water contamination. Furthermore,
by minimizing the dependency on commercial cement, this framework actively reduces the carbon
footprint associated with infrastructure development.

Economically, this methodology is highly advantageous. Sourcing stabilizing agents from local
waste streams drastically cuts material procurement and transport expenses, rendering public works
projects significantly more financially sustainable, particularly in developing semi-urban corridors.

7. Practical Implications

The insights derived from this study hold immense value for India's ongoing modernization efforts.
The fortified soil matrix is optimally suited for constructing resilient embankments, deep
foundations, and high-traffic roadways. Deploying these hybrid mixtures in expanding
municipalities like Pune will directly translate to longer-lasting infrastructure with minimal
maintenance requirements.

8. Concluding Remarks

In summary, agricultural and industrial by-products represent highly effective stabilization agents
for challenging Indian terrains. The strategic amalgamation of copper slag, waste sand, and organic
ashes fundamentally restructures weak soil, yielding a denser, stronger, and highly durable
foundation. This waste-to-wealth strategy presents an operationally sound and eco-conscious
alternative to traditional stabilizing techniques and warrants widespread adoption in future civil
engineering endeavors.

9. Future Research Avenues

Subsequent investigations must transition from laboratory settings to full-scale field trials to
monitor the long-term resilience of these mixtures against real-world weather patterns.
Additionally, probing the integration of modern nanotechnology with these waste derivatives could
unlock even greater efficiencies in soil conditioning.
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