EXPERIMENTAL EVALUATION OF EXPANSIVE




ABSTRACT
Expansive subgrade foundations, predominantly manifesting as Black Cotton (BC) clays across central and peninsular India, subject civil infrastructure installations to chronic geotechnical distress due to cyclic swelling-shrinkage characteristics. This paper presents a rigorous laboratory-scale research inquiry exploring chemical soil modification through an innovative polymer system utilizing liquid Polyvinyl Acetate (PVA) emulsion. Unmodified and modified clay profiles were characterized through Atterberg index evaluations, standard light compaction metrics, Unconfined Compressive Strength (UCS), and soaked California Bearing Ratio (CBR) profiles across variable additive ratios (0.5%, 1.0%, 1.5%, and 2.0% by dry weight of soil). The chemical cross-linking engine creates macromolecular encapsulation boundaries around expansive montmorillonite platelets, dramatically reducing structural water affinity and inter-void hydraulic pathways. Peak performance metrics achieved at a 1.5% optimum polymer dosage demonstrated more than a 115% expansion in absolute UCS values along with an enhanced subgrade bearing capacity, presenting a scalable and eco-compatible methodology for sustainable road construction.


1. [bookmark: 1. Introduction]INTRODUCTION

The mechanical performance and durability of pavement networks and structural foundations depend heavily on the shear capacity and stability of the underlying subgrade layer. Expansive soils, locally termed Black Cotton soils throughout various states in India, present serious construction difficulties due to their complex volume change behavior when exposed to moisture fluctuations. During monsoon seasons, capillary absorption into the soil matrix triggers significant volume expansion and high swelling pressures. Conversely, dry seasonal spells dry out the matrix, causing deep tensile contraction cracks that compromise the stability of overlying infrastructure.
To mitigate these structural failures, traditional geotechnical practice relies on blending mechanical soil matrices with traditional calcium-based chemical binders, such as Ordinary Portland Cement (OPC) or quicklime. While these methods improve short-term performance, they raise significant sustainability concerns due to high manufacturing carbon emissions. They are also prone to localized degradation from leaching when exposed to groundwater. Consequently, this study evaluates an alternative soil-stabilization technique: treating the expansive clay matrix with an engineered liquid synthetic polymer emulsion (**Polyvinyl Acetate - PVA**).
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2. [bookmark: 2. Experimental Materials & Testing Crit]EXPERIMENTAL MATERIALS & TESTING CRITERIA

Undisturbed expansive soil profiles used in this testing program were sourced from designated construction excavation test pits. The baseline index properties of the raw, untreated material were analyzed in strict compliance with relevant Bureau of Indian Standards (**IS 2720**) guidelines, as summarized below in Table 1.

	SOIL EVALUATION CRITERIA PARAMETER
	INDIAN STANDARD REFERENCE CODE
	MEASURED BASELINE DATA VALUE

	Liquid Limit (LL)
	IS 2720 (Part 5)
	68.4 %

	Plastic Limit (PL)
	IS 2720 (Part 5)
	29.1 %

	
Plasticity Index (PI)
	
Calculated Value (LL - PL)
	39.3 % (Highly Plastic Clay - CH Classification)

	Maximum Dry Density (MDD)
	IS 2720 (Part 7)
	1.52 g/cm³

	Optimum Moisture Content (OMC)
	IS 2720 (Part 7)
	19.8 %

	Unconfined Compressive Strength (UCS)
	
IS 2720 (Part 10)
	
112.5 kN/m²

	California Bearing Ratio (CBR) - Soaked
	
IS 2720 (Part 16)
	
1.8 %



3. [bookmark: 3. Stress Formulation & Continuum Modeli]STRESS FORMULATION & CONTINUUM MODELING

Evaluating load propagation through modified subgrades requires standard elastic boundary calculations. The vertical stress distribution (Δσz) induced at any given depth (z) and radial offset (r) by localized structural
foundation footings is modeled using Boussinesq's analytical framework:
Δσz = [ 3Q / (2πz²) ] × [ 1 / (1 + (r/z)²) ]5/2
Long-term consolidation settlement modifications (Sc) occurring within the clay stratum under loading conditions are verified using standard one-dimensional settlement equations:
Sc = [ Cc · H0 / (1 + e0) ] × log10[ (σ'v0 + Δσz) / σ'v0 ]

4. [bookmark: 4. Results, Analysis & Engineering Discu]RESULTS, ANALYSIS & ENGINEERING DISCUSSION

Introducing the liquid polymer stabilizer produced a notable improvement in the engineering behavior of the soil matrix. The polymer acts as a lubricant during initial compaction, helping the clay aggregates rearrange into a denser arrangement under lower water contents. This process alters the standard compaction curves,

leading to a steady increase in Maximum Dry Density values alongside a corresponding reduction in the Optimum Moisture Content.
Mechanical shear capacity reached optimum levels at an additive concentration of **1.5% PVA**. At this level, the Unconfined Compressive Strength increased significantly from **112.5 kN/m²** to **245.8 kN/ m²**. This change represents a total improvement of over **115%** in the peak structural limit. This strength increase occurs because the liquid polymer coats individual clay platelets, creating strong adhesive bonds across the particles and preventing water molecules from expanding the montmorillonite lattice.

5. [bookmark: 5. Conclusions]CONCLUSIONS


1. Liquid Polyvinyl Acetate (PVA) matrices function effectively as non-hazardous chemical stabilizers for highly expansive subgrade layers.
2. An addition of **1.5% PVA** by dry weight optimization yielded peak physical and structural performance metrics across all laboratory tests.
3. Polymer modification helps control structural swelling and shrinkage, providing a practical, sustainable method for reducing pavement distress and foundation failures in expansive soils.
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