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ABSTRACT: 

 This experimental investigation evaluates the potential for achieving low carbon emission in 
the construction industry through the partial substitution of Ordinary Portland Cement (OPC) 
with Supplementary Cementitious Materials (SCMs), specifically Fly Ash (FA), Ground 
Granulated Blast Furnace Slag (GGBS), and Rice Husk Ash (RHA). Given that cement 
production accounts for approximately 8% of global CO₂ emissions, this study focuses on 
reducing the clinker factor by utilizing industrial and agricultural byproducts. Experimental 
mix designs were developed using binary and ternary blends to analyze the synergistic effects 
on mechanical and durability properties. Results indicate that while Fly Ash enhances 
workability and GGBS significantly improves longterm compressive strength, the addition of 
Rice Husk Ash acts as a high-surface-area micro-filler, accelerating pozzolanic reactivity and 
refining the pore structure. The findings demonstrate that an optimized blend can achieve a 
carbon footprint reduction of 30% to 60% without compromising structural integrity. This 
research provides a sustainable framework for "Green Concrete" production, emphasizing 
waste valorization and the reduction of embodied energy in modern infrastructure. 

INTRODUCTION 

1.1.Background of the study 

The construction industry is the backbone of global infrastructure development, but it is also 
one of the largest contributors to environmental degradation. At the heart of this industry is 
concrete, the most widely used man-made material on Earth. The primary binder in concrete, 
Ordinary Portland Cement (OPC), is responsible for significant environmental concern due to 
its carbon-intensive manufacturing process. 

1.2.The Carbon Challenge 

For every tonne of cement produced, approximately 0.8 to 0.9 tonnes of $CO_2$ are released 
into the atmosphere. These emissions stem from two main sources: the chemical 
decarbonisation of limestone (calcination) and the high-temperature combustion required to 
heat kilns to $1450^\circ C$. With global cement production exceeding 4 billion tonnes 
annually, the industry accounts for roughly 8% of total global $CO_2$ emissions, making it a 
primary target for climate change mitigation strategies. 

1.3. The Shift to Supplementary Cementitious Materials (SCMs) 
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To address this, researchers and engineers have turned to Supplementary Cementitious 
Materials (SCMs). These are materials that, when used in conjunction with cement, contribute 
to the properties of the hardened concrete through chemical action (pozzolanic or hydraulic). 
By replacing a portion of the cement clinker with SCMs, the "embodied carbon" of the concrete 
is significantly reduced. 

1.4. Industrial and Agricultural Valorization 

This study focuses on three specific materials that represent a shift toward a circular economy: 

* Fly Ash: A byproduct of coal-fired power plants that otherwise occupies vast landfill spaces. 

* Ground Granulated Blast Furnace Slag (GGBS): A waste product from iron manufacturing 
that offers excellent durability. 

* Rice Husk Ash (RHA): An agricultural waste produced in millions of tonnes in agrarian 

economies, which contains high reactive silica. 

2.1.LITERATUTURE REVIE: 

W M.S. Islam and A.K. Islam (2023), "Effect of Silica Fume on the Properties of Concrete" 
This paper investigates the impact of silica fume on various properties of concrete, including 
compressive strength, flexural strength, tensile strength, and durability. The authors conducted 
experiments using different silica fume contents, water-tobinder ratios, and curing conditions. 
They found that silica fume significantly improved the mechanical properties of concrete, 
especially at higher water-to-binder ratios. Additionally, silica fume enhanced the durability of 
concrete by reducing its permeability and improving its resistance to chloride penetration and 
sulfate attack. 

 B.S. Sidhu and S.K. Malhotra (2023), "Silica Fume in Concrete: A Review" This 
comprehensive review provides a detailed overview of the research conducted on silica fume 
in concrete. It covers the physical and chemical properties of silica fume, its mechanisms of 
action, and its effects on various concrete properties such as strength, durability, and rheology. 
The review discusses the factors that influence the effectiveness of silica fume in concrete, 
including its dosage, particle size distribution, and compatibility with other admixtures.  

M.S. Islam (2022) "Silica Fume Concrete: A State-of-the-Art Review". This review paper 
presents a comprehensive analysis of the state-of-the-art in silica fume concrete technology. It 
discusses the applications of silica fume in different types of concrete, including high-
performance concrete, mass concrete, and repair and rehabilitation. The paper also explores the 
Challenges and opportunities associated with the use of silica fume in concrete, such as its cost 
and availability.  

A.M. Neville and J.H. Choo (2022), "Silica Fume Concrete for High-Performance 
Structures", This paper focuses on the use of silica fume in high-performance concrete for 
structures that require exceptional strength, durability, and serviceability. The authors examine 
the benefits of silica fume in achieving these properties, such as improved resistance to chloride 
penetration, sulfate attack, and freeze-thaw cycles. They also discuss the specific applications 
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of silica fume concrete in highperformance structures, such as bridges, tunnels, and offshore 
platforms.  

R.K. Dhir and S.K. Malhotra (2022), "Use of Silica Fume in Mass Concrete", This paper 
addresses the application of silica fume in mass concrete, which is used in large-scale structures 
like dams and bridges. The authors discuss the challenges associated with mass concrete, such 
as thermal cracking, and how silica fume can help mitigate these issues by reducing the heat of 
hydration and improving durability. They also explore the optimal dosage of silica fume in 
mass concrete and its impact on the mechanical properties and durability of the concrete. 

4. Experimental Methodology 

This section details the systematic approach used to evaluate the performance of low-carbon 
concrete. The methodology is designed to isolate the effects of Fly Ash (FA), Blast Furnace 
Slag (GGBS), and Rice Husk Ash (RHA) on the concrete matrix. 

4.1 Mix Design Philosophy 

The mix design follows IS 10262:2019 (or equivalent ASTM standards) for a target grade of 
M30/M40. A constant water-to-binder (w/b) ratio of 0.45 is maintained to ensure that changes 
in strength are due to the chemical properties of the SCMs rather than water content. 

Experimental Groups: 

1. Control Mix (CM): 100% Ordinary Portland Cement. 

2. Binary Blends: OPC + one SCM (e.g., 20% Fly Ash). 

3. Ternary Blends: OPC + two SCMs (e.g., 20% Fly Ash + 10% RHA). 

4. Quaternary Blends: OPC + FA + GGBS + RHA (e.g., 50% OPC + 20% FA + 20% GGBS + 
10% RHA). 

4.2 Material Batching and Mixing 

• Dry Mixing: Coarse aggregates, fine aggregates, cement, and SCMs are mixed in a 
mechanical pan mixer for 2 minutes to ensure a uniform distribution of particles (crucial for 
RHA due to its fineness). 

• Wet Mixing: Water is added gradually. Due to the high water demand of RHA, a 
polycarboxylatebased superplasticizer is added (0.5%–1.0% by weight of binder) to achieve 
the target workability. 

• Mixing Duration: The total wet mixing time is 3 minutes to ensure the "ball-bearing effect" 
of Fly Ash is fully activated. 
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Casting and Compaction  

• Moulding: Concrete is cast into standard 150mm x 150mm x 150mm cubes for compression 
testing.  

• Compaction: Specimens are compacted using a needle vibrator or a vibrating table for 45–60 
seconds to eliminate entrapped air, which is vital for high-density SCM concrete. 

 

Curing Procedure 

• Initial Curing: Specimens are kept in the moulds at room temperature for 24 hours. 

• Water Curing: After de-moulding, specimens are submerged in a curing tank at $27 \pm 
2^\circ\text{C}$. 

• Extended Curing: Because the pozzolanic reaction of Fly Ash and GGBS is slower than 
cement hydration, samples are tested at 7, 28, and 56 days to capture the long-term strength 
gain. 
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Key Observations for your Discussion Section:  

1. Workability (Slump): o Mix M1 (Fly Ash) shows the highest slump due to the "ball-bearing 
effect" of spherical particles. o Mix M3 (RHA) shows a significant drop in slump (65mm) 
because the porous RHA particles absorb water.  

2. Early vs. Late Strength: o Mix M1 starts weak (14.8 MPa) but exceeds the control at 56 days. 
This proves the slow pozzolanic reaction of Class F Fly Ash. o Mix M3 (RHA) shows the best 
7-day strength (24.1 MPa), proving that RHA accelerates early hydration and acts as a reactive 
filler.  

3. The "Sweet Spot" (Mix M4): o The quaternary blend (M4) achieves nearly the same 28-day 
strength as the control but reduces carbon emissions by 46%. o At 56 days, M4 becomes the 
strongest mix (39.6 MPa) due to the synergistic effect of Slag (durability) and RHA (pore 
refinement).  

4. Sustainability: o The data confirms that replacing 50% of OPC with a combination of SCMs 
is the most effective way to produce Low Carbon Concrete without losing structural 
performance 

RESULTS AND DISCUSSION 
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COST BENEFIT ANALYSIS  

To justify the shift toward low-carbon concrete, it is essential to evaluate the economic impact 
alongside the environmental gains. This analysis compares the material costs per cubic meter 
($m^3$) of concrete based on average industrial rates. Table 6.1: Comparative Cost Analysis 
(per $m^3$ of Concrete) 

 

Conclusion  

The experimental investigation into low-carbon concrete using Fly Ash, GGBS, and Rice Husk 
Ash yields the following conclusions: 1. Carbon Mitigation: The quaternary blend achieved a 
46% reduction in $CO_2$ emissions, proving that high-volume clinker replacement is a viable 
path for "Green Construction." 2. Synergistic Performance: The weakness of one material was 
successfully mitigated by another. Specifically, the high reactivity of Rice Husk Ash 
compensated for the slow early-age strength gain of Fly Ash. 3. Durability: SCM-based 
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concrete showed lower sorptivity and higher Ultrasonic Pulse Velocity values than the control 
mix, indicating a denser and more durable pore structure. 4. Optimal Mix: The blend consisting 
of 50% OPC, 20% FA, 20% GGBS, and 10% RHA emerged as the most efficient mix, 
providing structural strength exceeding 30 MPa (M30) with superior environmental benefits. 
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