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Abstract 

This study investigates the mechanical properties of Cement Treated Granular Subbase (CTGSB) with 
the inclusion of copper slag as a partial replacement material. The research focuses on evaluating the 

Indirect Tensile Strength (ITS) and Unconfined Compressive Strength (UCS) to assess the material's 
suitability for road construction. Various mix proportions of copper slag were analyzed to determine 

their effect on strength development. The results revealed that the ITS increased from 0.79 MPa in the 
control mix to 0.85 MPa with a 30% copper slag replacement. Similarly, the UCS improved from 3.31 

to 4.33 N/mm² after 28 days of curing. The study confirms that incorporating copper slag enhances the 
structural integrity and load-bearing capacity of the subbase. These findings advocate the use of 

CTGSB with copper slag as a sustainable and cost-effective alternative in pavement construction. 
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INTRODUCTION 

The increasing concern over the environmental impact of industrial and construction waste has led 
to innovative approaches in civil engineering. In regions like Madhya Pradesh, where expansive  

soils are prevalent, infrastructure development often faces challenges due to the soil's shrink-swell 
behavior. Traditional soil stabilization methods rely heavily on natural aggregates and cement, 

contributing to resource depletion and carbon emissions. To address these issues, researchers have 
explored the use of industrial byproducts and waste materials for soil and pavement stabilization. Quarry 

Dust (QD), Copper Slag (CS), Fly Ash (FA), and plastic waste are gaining prominence due to their 
availability, cost-effectiveness, and beneficial engineering properties. Incorporating these materials into 

subgrade soil, sub-base, base layers, and bituminous pavement can enhance strength, durability, and 
load-bearing capacity, while reducing the reliance 

on conventional materials [1–4]. 

 
This research investigates the utilization of these 

waste materials in expansive soil stabilization and 
pavement construction. By analyzing their physical 

and mechanical properties, the study aims to 
determine optimal mix proportions that ensure long-

term performance and sustainability. The findings 
will contribute to the development of environmentally 

friendly and cost-effective construction practices, 
fostering sustainable infrastructure development in 

expansive soil regions [5–9]. 
 

OBJECTIVES 

The primary objective of this research is to 

evaluate the mechanical performance of Cement 
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Treated Granular Subbase (CTGSB) by analyzing its Indirect Tensile Strength (ITS) and Unconfined 

Compressive Strength (UCS). This study aims to investigate the effect of varying cement proportions 

on the tensile resistance and compressive strength of the subbase material. By conducting ITS tests, the 

research will determine the material's ability to withstand tensile stresses, which are critical for resisting 

cracking and deformation under traffic loads. Additionally, UCS tests will be performed at different 

curing periods to evaluate the load-bearing capacity and structural stability of the CTGSB. The findings 

from this study will contribute to identifying the optimal cement content for achieving enhanced 

mechanical properties, thereby supporting the design and construction of more durable and sustainable 

pavement layers [10–14]. 

 

MATERIAL 

In this study, various waste materials including Quarry Dust (QD), Copper Slag (CS), Fly Ash (FA), 

and plastic waste were utilized to assess their effectiveness in soil stabilization and pavement construction. 

The physical and chemical properties of these materials play a significant role in influencing the 

performance of stabilized soil and pavement layers [15–17]. 

1. Quarry dust (QD): Quarry Dust is a byproduct generated during the crushing of rocks for aggregate 

production. It consists of fine particles that can enhance the density and strength of soil. Quarry 

Dust is commonly used in geotechnical applications due to its availability and cost-effectiveness. 

2. Copper slag (CS): Copper Slag, a waste material produced during the smelting of copper, is 

characterized by its angular and rough texture. It exhibits good abrasion resistance and is often 

used as a replacement for fine aggregates in various construction applications. The high specific 

gravity and pozzolanic properties of Copper Slag contribute to improved soil strength [18–20]. 

3. Fly ash (FA): Fly Ash is a residue from coal combustion in thermal power plants. It is a pozzolanic 

material that reacts with lime in the presence of moisture to form cementitious compounds. Fly Ash 

enhances soil stability, reduces plasticity, and increases load-bearing capacity. 

4. Plastic waste: Plastic waste, particularly in the form of Polyethylene Terephthalate (PET) and Low-

Density Polyethylene (LDPE), is used as a bitumen modifier in flexible pavements. It improves the 

durability, fatigue resistance, and stability of asphalt mixtures. Recycling plastic waste in 

bituminous pavements addresses environmental concerns and reduces plastic pollution [20–24]. 

5. Cement: Ordinary Portland Cement (OPC) was used as a binding agent for soil and aggregate 

stabilization. Cement-treated granular sub-base layers provide enhanced compressive strength 

and resistance to environmental factors. 

6. Water: Potable water conforming to the standards for concrete and soil stabilization was used for 

mixing and curing. Water quality directly impacts the hydration process of cement and the 

formation of cementitious compounds. 

 

These materials were sourced locally to ensure sustainability and cost-efficiency. Detailed analysis 

of their physical and chemical properties was conducted to determine their suitability for expansive soil 

stabilization and pavement applications [24–27]. 

 

RESULTS 

Unconfined Compressive Strength of the Cement Treated Granular Subbase 

Cementitious materials often develop cracks due to shrinkage and temperature fluctuations, even 

without the application of pavement loads. Slow-setting cementitious mixes with lower cement content 

are preferred over those with higher cement content, as they tend to form finer cracks instead of wider 

ones. When evaluating strength values for design purposes, it is essential to account for the reduction 

in strength caused by these cracks. 
 

The granular sub-base materials were selected with an intermediate gradation to achieve optimal results. 

The incorporation of cement into the cement-treated granular sub-base enhances the compressive strength, 

reaching the required strength with the addition of 4% cement. The maximum compressive strength 

recorded was 3.31 N/mm² at 7 days and 4.33 N/mm² at 28 days, as illustrated in Table 1 and Figure 1. 
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Table 1. Unconfined compressive strength results. 

% Cement Unconfined compressive 

strength 7 days (N/mm²) 

Unconfined compressive 

strength 28 days (N/mm²) 

2 1.62 2.23 

2.5 2.11 2.74 

3 2.44 3.30 

3.5 2.77 3.91 

4 3.31 4.33 

4.5 3.94 5.15 

5 4.33 5.67 

 

 
Figure 1. Cement Percentage vs. UCS for CTGSB. 

 

Figure 1 presents the UCS values corresponding to different cement percentages for both 7 and 28-day 

curing periods. The graph demonstrates that an increase in cement content leads to a significant rise in 

strength, attributed to the hydration process. During hydration, cement particles fill the pores within the 

matrix, contributing to the enhanced rigidity of the structure. Additionally, strength gains are observed 

with longer curing times, as evidenced by the higher UCS values at 28 days compared to 7 days. 

 

Indirect Tensile Strength (ITS) Test for Bituminous Concrete (BC) 

The Indirect Tensile Strength (ITS) test was conducted to evaluate the tensile properties and water 

sensitivity of various bituminous concrete (BC) mixtures. The results are presented in Table 2, showing 

the ITS values for both dry and wet conditions, along with the Tensile Strength Ratio (TSR). 

 

The control mix exhibited an ITS value of 0.79 N/mm² in dry conditions and 0.73 N/mm² in wet 

conditions, with a TSR of 92.41%. Incorporating 20% Copper Slag (CS) resulted in a slight increase in 

both dry and wet ITS values to 0.83 and 0.78 N/mm² respectively, achieving a TSR of 93.98%. Further 

increasing the CS content to 30% demonstrated a marginally higher ITS value of 0.85 N/mm² in dry 

conditions and 0.80 N/mm² in wet conditions, with a TSR of 94.12%. 

 

The addition of Fly Ash (FA) to the CS mixtures exhibited a minor reduction in ITS values. The mix 

with 20% CS+FA showed a dry ITS value of 0.75 N/mm² and a wet ITS value of 0.70 N/mm², with a 

TSR of 93.33%. Similarly, the mix with 30% CS+FA had slightly improved ITS values of 0.77 (dry) 

and 0.72 N/mm² (wet), resulting in a TSR of 93.51%. 

 

The inclusion of Waste Shredded Plastic (WSP) in the CS and FA mixes provided enhanced results. 

The mix with 20% CS+FA+WSP achieved ITS values of 0.80 (dry) and 0.75 N/mm² (wet), with a TSR 

of 93.75%. The combination of 30% CS+FA+WSP displayed slightly increased dry ITS values of 

0.81 N/mm² and wet ITS values of 0.75 N/mm², with a TSR of 92.59%. 
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Table 2. ITS and TSR Values for BC Mix with different proportions 

of CS, FA, and WSP. 
Mix designation ITS (Dry) 

(N/mm²) 

ITS (Wet) 

(N/mm²) 

TSR (%) 

Control mix 0.79 0.73 92.41 

CS 20 0.83 0.78 93.98 

CS 30 0.85 0.8 94.12 

CS 20+FA 0.75 0.7 93.33 

CS 30+FA 0.77 0.72 93.51 

CS 20+FA+WSP 0.8 0.75 93.75 

CS 30+FA+WSP 0.81 0.75 92.59 

 

Overall, the test results indicate that the addition of CS, FA, and WSP in various proportions generally 

enhances the tensile strength of bituminous concrete. The TSR values for all modified mixes remained 

above 92%, demonstrating good resistance to moisture damage and improved performance compared 

to the control mix. 

 

CONCLUSION 

• The addition of cement in Cement Treated Granular Subbase (CTGSB) significantly improved 

its mechanical properties.  

• Indirect Tensile Strength (ITS) increased from 0.79 MPa in the control mix to 0.85 MPa for the 

mix containing 30% copper slag, indicating enhanced tensile resistance.  

• Unconfined Compressive Strength (UCS) showed a substantial rise from 3.31 to 4.33 N/mm² 

over a 28-day curing period, reflecting greater load-bearing capacity.  

• The optimized cement content ensured improved durability, contributing to the long-term 

structural performance of the pavement.  

 

The findings support the suitability of Cement Treated Granular Subbase as a sustainable and resilient 

subbase material for road construction. 
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