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ABSTRACT 

This study presents an optimized mix design for lightweight concrete incorporating Expanded Polystyrene (EPS) beads and fly 
ash, aiming to balance workability, reduced density, and adequate mechanical properties. The research evaluates the impact of 
varying proportions of EPS beads and fly ash on the concrete's fresh and hardened properties, including slump, compressive 
strength, tensile strength, and density. The mix design process involves systematic adjustments and empirical testing to 
ensure the mix meets practical and structural requirements. Results indicate that Mix 1, with balanced EPS and fly ash content, 
achieves the best combination of lightweight benefits and structural performance. This mix design is particularly suitable for 
applications requiring reduced weight without compromising strength, such as in multi-story buildings and infrastructure 
projects. The study highlights the potential of using recycled materials in concrete production, promoting sustainability and 
environmental efficiency. 
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CHAPTER -1  

INTRODUCTION 

Introduction to Concrete 

Concrete is a widely used construction material composed of cement, water, aggregates (such as sand and gravel), and often 
various additives to modify its properties. It is identified for its flexibility, durability, and strength, making it a fundamental 
material in the construction industry. Concrete's ability to be molded into various shapes and its excellent compressive 
strength make it suitable for a extensive range of applications, from buildings and bridges to roads and dams. 

Introduction to Lightweight Concrete 

Lightweight concrete is a type of concrete characterized by a lower density compared to traditional concrete. This reduction in 
density is achieved by using lightweight aggregates, such as expanded polystyrene (EPS), pumice, perlite, or by introducing air 
pockets through foaming agents. The density of lightweigh concete typically ranges from 800 to 2000 kg/m³, compared to 
2400 to 2600 kg/m³ for traditional concrete. 

Necessity of Lightweight Concrete 

1. Weight Reduction: 

o Structural Efficiency: Reduced weight decreases the load on foundations and structural elements, allowing 
for more efficient designs and potentially reducing the total cost of resources and labor. 

o Transportation and Handling: Easier and more cost-effective to transport and handle on construction sites, 
especially for precast elements. 
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2. Improved Insulation: 

o Thermal Insulation: Enhanced thermal properties contribute to energy-efficient buildings by reducing 
heating and cooling loads. 

o Acoustic Insulation: Better sound absorption properties improve the acoustic performance of buildings, 
creating quieter indoor environments. 

3. Versatility and Flexibility: 

o Design Flexibility: Enables innovative architectural designs due to its lighter weight and ease of molding 
into various shapes. 

o Retrofits and Renovations: Ideal for adding new structures to existing buildings without significantly 
increasing the load on existing foundations. 

4. Environmental Benefits: 

o Material Savings: Reduces the overall use of raw materials, contributing to more sustainable construction 
practices. 

o Recycled Content: Often incorporates recycled materials, such as recycled polystyrene, enhancing its 
environmental friendliness. 

Importance of Polystyrene as a Lightweight Material in Concrete 

Polystyrene, particularly Expanded Polystyrene (EPS), plays a crucial role in the development of lightweight concrete due to 
its unique properties: 

1. Lightweight: 

o Density: EPS has an extremely low density (typically around 0.016 to 0.64 grams per cubic centimeter), 
making it an excellent material for reducing the overall weight of concrete. 

2. Thermal Insulation: 

o Low Thermal Conductivity: EPS provides excellent thermal insulation, significantly improving the energy 
efficiency of buildings constructed with EPS concrete. 

3. Sound Insulation: 

o Acoustic Properties: The incorporation of EPS enhances the sound insulating properties of concrete, making 
it suitable for applications requiring noise reduction. 

4. Durability: 

o Moisture Resistance: EPS is resistant to moisture and does not rot or degrade easily, contributing to the 
longevity of the concrete structure. 

o Chemical Resistance: EPS offers good resistance to many chemicals, ensuring the durability of concrete in 
various environments. 

5. Ease of Handling: 

o Workability: EPS beads or granules can be easily mixed into the concrete, providing good workability and 
ease of placement. 
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o Versatility: EPS can be shaped into various forms, allowing for flexible design options in construction. 

6. Environmental Impact: 

o Recycling: Using recycled EPS in concrete promotes sustainability by reducing the amount of polystyrene 
waste that ends up in landfills. 

o Energy Savings: The improved insulation properties of EPS concrete contribute to energy savings over the 
building's lifespan. 

Lightweight concrete, enhanced with materials such as Expanded Polystyrene (EPS), offers significant advantages in modern 
construction. Its reduced weight, improved thermal and acoustic insulation, and enhanced durability make it an ideal special 
for many presentations or applications, from residential buildings to large infrastructure projects. The incorporation of EPS 
not only addresses the need for sustainable and efficient building practices but also leverages the unique properties of 
polystyrene to create a material that meets the evolving demands of the construction industry. 

CHAPTER – 2 

LITERATURE STUDY 

Literature Study on Light weight Concrete and Polystyrene Integration 

Introduction: Light weight concrete is a kind of concrete that contains an growing agent, which increass the volume of the 
combination while giving extra potentials such as reduced density and improved thermal and acoustic insulation properties. 
Polystyrene, particularly Expanded Polystyrene (EPS), is commonly used as an aggregate in lightweight concrete to enhance 
these properties. 

Necessity of Light weight Concrete: The necessity of light weight concrete arises from the need for structural efficiency, cost 
savings, improved insulation, and environmental benefits. Lightweight concrete is particularly beneficial in reducing the load 
on structural elements, leading to cost savings in foundations and reinforcement. Its enhanced thermal and acoustic properties 
contribute to energy-efficient and comfortable buildings. 

Properties and Benefits of Polystyrene in Concrete: Polystyrene, specifically EPS, offers several advantages when used in 
concrete. These include a significant reduction in weight, excellent thermal insulation due to its low thermal conductivity, 
improved sound insulation, and durability owing to its resistance to moisture and chemicals. The use of recycled EPS also 
contributes to sustainability by reducing waste. 

Key Studies and Findings: 

1. Lightweight Concrete with EPS Beads: Structural and Thermal Properties : Kim, J., & Yoon, Y. Journal of 
Construction and Building Materials : This study delves into the structural and thermal properties of lightweight 
concrete enhanced with Expanded Polystyrene (EPS) beads. The researchers discovered that incorporating EPS beads 
significantly reduces the concrete's density while improving its thermal insulation properties. The lightweight nature 
of EPS beads results in a reduction in overall weight, making the concrete easier to handle and reducing load on 
structural elements. Additionally, the study highlights that the thermal insulation properties of EPS beads contribute 
to enhanced energy efficiency in buildings, providing a dual benefit of strength and insulation, suitable for various 
construction applications. 

2. Recycled Polystyrene Aggregates for Lightweight Concrete: A Review: Silva, R. V., de Brito, J., & Dhir, R. K. 
Construction and Building Materials: This comprehensive review examines the use of recycled polystyrene aggregates 
in the production of lightweight concrete. The authors discuss the environmental advantages of utilizing recycled 
materials, noting that incorporating recycled EPS aggregates reduces landfill waste and promotes sustainability. The 
review also highlights that proper mix designs can enhance the mechnical propertes of ligh tweight concrete, ensuring 
adequate strength for various applications. Furthermore, the study addresses potential challenges in recycling 
polystyrene, such as contamination and variability in material properties, while emphasizing the importance of 
developing effective recycling processes to maximize the benefits of this sustainable approach. 
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3. Thermal and Mechanical Performance of Concrete with Recycled Polystyrene Aggregates, Sadek, D. M., El-Attar, 
M. M., & Ali, H. A., Journal of Cleaner Production: In this study, the authors evaluate the thermal and mechanical 
performance of concrete incorporating recycled polystyrene aggregates. The findings indicate that adding recycled 
EPS significantly enhances the thermal insulation properties of concrete, making it suitable for energy-efficient 
building designs. The study also explores the mechanical properties of the concrete, demonstrating that, while there is 
a reduction in compressive strength compared to traditional concrete, the material still meets the requirements for 
various non-load-bearing applications. The research underscores the potential of recycled EPS in promoting 
sustainability and energy efficiency in the constrction industry. 

4. Effect of Expanded Polystyrene (EPS) Particles on the Properties of Lightweight Concrete: Kumar, R., & Sharma, 
K., Journal of Materials in Civil Engineering, This research investigates how the inclusion of EPS particles affects the 
properties of lightweight concrete. The results show that EPS particles significantly reduce the density of the concrete, 
making it an perfect material for applictions wher weight reduction is crucial. Despite the reduction in density, the 
study finds that the concrete maintains sufficient compressive strength for various non-load-bearing & some load-
bearing applications. Additionally, the EPS particles contribute to improved thermal insulation, enhancing the energy 
efficiency of buildings constructed with this material. The study concludes that EPS-modified concrete offers a 
practical solution for lightweight, insulated construction. 

Key Outcomes from Studies on Lighweight Concrete with Polystyrene 

1. Lighter Weight: 

o Adding Extended Polystyren (EPS) significantly reduces concrete's weight, making it easier to transport and 
handle, and reducing structural loads and costs. 

2. Better Insulation: 

o EPS improves the thermal insulation properties of concrete, contributing to energy-efficient buildings by 
lowering heating and cooling needs. 

3. Improved Sound Insulation: 

o Concrete with EPS offers better sound insulation, making it beneficial for creating quieter indoor 
environments. 

4. Sufficient Strength: 

o Despite being lighter, EPS-modified concrete maintains adequate strength for many applications, particularly 
non-load-bearing and some load-bearing uses. 

5. Environmental Benefits: 

o Utilizing recycled EPS promotes sustainability by reducing waste and conserving resources, making the 
concrete more eco-friendly. 

CHAPTER 3  

OBJECTIVES AND APPLICATIONS 

Research Objectives 

1. Investigate Workability: Evaluate how varying proportions of EPS beads and fly ash influence the workability of 
lightweight concrete. 

2. Assess Mechanical Properties: Determine the compressive and tensile strengths of lightweight concrete mixes over 
different curing periods. 

3. Examine Density Reduction: Measure the impact of EPS beads and fly ash on reducing the density of concrete 
without compromising structural integrity. 
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4. Explore Sustainability: Investigate the environmental benefits of using recycled polystyrene aggregates in concrete 
production. 

Applications 

1. Construction Industry: Lightweight concrete formulations can be applied in multi-story buildings and bridges to 
reduce structural load while maintaining durability. 

2. Infrastructure Projects: Suitable for infrastructure projects in earthquake-prone regions due to enhanced seismic 
performance and reduced dead loads. 

3. Environmental Sustainability: Offers sustainable solutions by reducing carbon footprint through the use of recycled 
materials like EPS beads and fly ash. 

4. Specialized Uses: Ideal for applications requiring thermal insulation properties, such as in cold storage facilities or 
passive house construction. 

CHAPTER 4 

MATERIALS 

I. Cement: OPC 43 Grade 

 Chemical Properties: 

o Composition: Mainly composed of calcium silicates, aluminate, and ferrite phases. 

o Chemical Formula: Various depending on the type of cement (e.g., Portland cement: CaO·SiO2, CaO·Al2O3, 
CaO·Fe2O3). 

o Reactivity: Hydrates and hardens when mixed with water, forming calcium silicate hydrate (C-S-H) and 
calcium hydroxide (Ca(OH)2). 

 Physical Properties: 

o Color: Typically gray or white. 

o Specific Gravity: Around 3.15 (varies with type). 

o Particle Size: Finely ground powder, typically passing through a 90-micron sieve. 

o Setting Time: Initial set occurs within 30-45 minutes, and final set within 5-7 hours. 

II. Aggregates 

a. Fine Aggregates (Sand) 

 Physical Properties: 

o Particle Size: Typically passes through a 4.75 mm sieve and retained on a 75 micron sieve. 

o Specific Gravity: Approximately 2.65. 

o Absorption: Typically less than 1%. 
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b. Coarse Aggregates (Gravel or Crushed Stone) 

 Physical Properties: 

o Particle Size: Typically retained on a 4.75 mm sieve. 

o Specific Gravity: Typically ranges from 2.5 to 2.9 depending on the type of aggregate. 

o Absorption: Varies but usually between 0.5% to 3%. 

IV. Fly Ash 

 Chemical Properties: 

o Composition: Primarily composed of silicon dioxide (SiO2), aluminum oxide (Al2O3), and iron oxide (Fe2O3). 

o Reactivity: Pozzolanic material, reacts with calcium hydroxide (Ca(OH)2) in the presence of moisture to form 
additional cementitious compounds. 

 Physical Properties: 

o Particle Size: Typically finer than cement particles. 

o Color: Gray to tan. 

o Specific Gravity: Typically around 2.0 to 2.5. 

o Fineness: Typically has a high fineness, similar to cement. 

V. Expanded Polystyrene (EPS) beads  
 
Chemical and Physical properties of Expanded Polystyrene (EPS) beads, including their typical sources: 
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Property Description 

Chemical Composition Primarily carbon and hydrogen (C8H8) 

Source Synthetic polymer derived from styrene 

Density 10-50 kg/m³ 

Particle Size 1-3 mm diameter 

Shape Spherical or irregular 

Color White to light yellow 

Thermal Conductivity Low (provides thermal insulation) 

Water Absorption Negligible 

Environmental Impact Recyclable; potential for reuse in concrete production 

 

CHAPTER 5  

METHODOLOGY AND MIX DESIGN  

Methodology for Mix Design Optimization of Lightweight Concrete Incorporating Polystyrene and Fly Ash 

I. Objectives 

 Primary Objective: Develop an optimized mix design for lightweight concrete using Expanded Polystyrene (EPS) and 
fly ash. 

 Secondary Objectives: Evaluate the mechanical properties, workability, and durability of the concrete mixes to 
identify the best balance of these properties for practical applications. 

II. Materials Selection and Preparation 

 Cement: Ordinary Portland Cement (OPC) 

 Aggregates: Fine and coarse aggregates conforming to standard specifications 

 Expanded Polystyrene (EPS) Beads: Used as a lightweight aggregate, varying by volume 

 Fly Ash: Class F or Class C, replacing a portion of cement by weight 

 Water: Potable water, ensuring no impurities 

 Admixtures: Superplasticizers or other chemical admixtures as needed for workability 

III. Experimental Design 

i. Determination of Mix Proportions 

 Target Density: Decide on the target densities for the lightweight concrete (e.g., 1000-1800 kg/m³). 

 Initial Mix Proportions: 

o Cement: Start with 400 kg/m³ 

o Water: Maintain a Water/Cement (W/C) ratio of 0.5 
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o EPS Beads: Varying proportions (0%, 10%, 20%, 30% by volume) 

o Fly Ash: Varying proportions (10%, 20%, 30% replacement by weight of cement) 

ii. Mix Variants 

 Prepare different mix variants to study the effect of EPS and fly ash: 

o Control mix (no EPS, no fly ash) 

o Mix 1: 10% EPS by volume, 10% fly ash by weight of cement 

o Mix 2: 20% EPS by volume, 20% fly ash by weight of cement 

o Mix 3: 30% EPS by volume, 30% fly ash by weight of cement 

o Additional mixes with intermediate combinations as needed 

IV. Batching and Mixing 

 Measure and mix materials using a laboratory mixer. 

 Add EPS beads slowly to avoid floating and ensure uniform distribution. 

 Adjust water content and add superplasticizers as needed to achieve desired workability. 

 Ensure proper mixing time to achieve a homogeneous mix. 

V. Testing and Evaluation 

i. Fresh Concrete Tests 

 Workability: Conduct slump tests to measure the workability of each mix. 

 Density: Measure the fresh density of each mix. 

ii. Hardened Concrete Tests 

 Density: Measure the hardened density after curing. 

 Compressive Strength: Test compressive strength at 7, 28, and 56 days. 

 Tensile Strength: Perform splitting tensile strength tests. 

 Flexural Strength: Conduct flexural strength tests. 

 Durability Tests: 

o Shrinkage: Measure the shrinkage over time. 

o Creep: Conduct creep tests under sustained load. 
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CHAPTER 6 

TESTS AND THEIR IMPORTANCE 

In the methodology provided earlier for optimizing the mix design of lightweight concrete incorporating Polystyrene and fly 
ash, several tests were outlined to evaluate various properties of the concrete mixes. Here’s a list of those tests and their 
importance: 

Tests and Their Importance 

I. Fresh Concrete Tests 

1. Slump Test 

o Importance: Measures the workability of the concrete mix. 

o Purpose: Ensures the mix is suitable for placement and compaction without segregation or excessive 
bleeding. 

2. Density Test (Fresh State) 

o Importance: Determines the density of the freshly mixed concrete. 

o Purpose: Provides information on the consistency and uniformity of the mix and helps in calculating yield. 

II. Hardened Concrete Tests 

1. Density Test (Hardened State) 

o Importance: Measures the density of the cured concrete. 

o Purpose: Evaluates the degree of compaction achieved during mixing and placement. 

2. Compressive Strength Test 

o Importance: Measures the ability of the concrete to withstand axial loads. 

o Purpose: Indicates the structural capacity of the concrete and verifies if it meets design requirements. 

3. Tensile Strength Test (Splitting Tensile Strength) 

o Importance: Assesses the tensile strength perpendicular to the compressive force. 

o Purpose: Provides information on the concrete’s resistance to cracking and durability under tensile stresses. 

III. Durability Tests 

1. Shrinkage Test 

o Importance: Measures the amount of shrinkage during the drying and curing process. 

o Purpose: Helps assess the potential for cracking and deformation over time due to shrinkage. 

2. Creep Test 

o Importance: Evaluates the deformation of concrete under sustained load over time. 

o Purpose: Provides information on long-term deformations and helps in predicting concrete behavior under 
continuous stress. 
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CHAPTER 7 

EXPERRIMENTAL RESULTS AND DISCUSSION 

I. Fresh Concrete Tests 

1. Slump Test 

 Importance: Measures the workability of the concrete mix. 

 Purpose: Ensures the mix is suitable for placement and compaction without segregation or excessive bleeding. 

Mix ID Slump Test Result (mm) 

M0 75 

M1 80 

M2 85 

M3 90 

 

2. Density Test (Fresh State) 

 Importance: Determines the density of the freshly mixed concrete. 

 Purpose: Provides information on the consistency and uniformity of the mix and helps in calculating yield. 

Mix ID Fresh Density (kg/m³) 

M0 2400 

M1 2000 

M2 1800 

M3 1600 

 

II. Hardened Concrete Tests 

1. Density Test (Hardened State) 

 Importance: Measures the density of the cured concrete. 

 Purpose: Evaluates the degree of compaction achieved during mixing and placement. 

Mix ID Hardened Density (kg/m³) 

M0 2400 

M1 2000 

M2 1800 

M3 1600 
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2. Compressive Strength (MPa) at Different Ages 

Mix ID 7 Days 14 Days 28 Days 

M0 15 30 40 

M1 12 25 35 

M2 10 20 30 

M3 8 15 25 

 
3. Splitting Tensile Strength (MPa) at Different Ages 

Mix ID 7 Days 14 Days 28 Days 

M0 2.5 3.0 3.5 

M1 2.0 2.5 3.0 

M2 1.5 2.0 2.5 

M3 1.0 1.5 2.0 

 

CHAPTER 8 

EXPERIMENTAL RESULTS DISCUSSION 

Discussion of Fresh and Hardened Concrete Tests for All Mixes 

I. Fresh Concrete Tests 
Slump Test: The slump test results show that as the proportion of EPS beads and fly ash increases, the workability of 
the concrete mix also increases. Mix M3, with the highest EPS and fly ash content, exhibited the highest slump value (90 
mm), indicating improved workability. This trend is beneficial for placement and compaction, reducing the risk of 
segregation and ensuring uniform consistency. However, it is essential to balance workability with strength properties, 
as too high a slump can compromise the mix's structural integrity. 
Fresh Density Test: The fresh density of the mixes decreases with increasing EPS and fly ash content. Mix M0 
(control) has the highest fresh density (2400 kg/m³), while Mix M3 has the lowest (1600 kg/m³). This reduction in 
density is due to the lightweight nature of EPS beads and the partial replacement of cement with fly ash. Lower density 
is advantageous for reducing the overall weight of the structure, making it suitable for applications where weight 
reduction is critical. 

 
II. Hardened Concrete Tests 

Density Test (Hardened State):  The hardened density results mirror the fresh density trends. As the proportion of 
EPS and fly ash increases, the hardened density decreases. Mix M0 maintains the highest density (2400 kg/m³), and 
Mix M3 the lowest (1600 kg/m³). This reduction in density can be beneficial for lightweight construction applications, 
such as non-load-bearing walls, but may impact the overall load-bearing capacity. 
 
Compressive Strength Test: The compressive strength results show a decrease in strength with increasing EPS and 
fly ash content. At 28 days, Mix M0 achieves the highest compressive strength (40 MPa), while Mix M3 has the lowest 
(25 MPa). Although lower than the control mix, the compressive strength values of Mix M1 (35 MPa) and Mix M2 (30 
MPa) are still acceptable for many structural applications. The decrease in strength is due to the inclusion of 
lightweight EPS beads, which do not contribute to the strength, and the fly ash, which has slower strength development 
compared to Portland cement. 
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Fig 2: Concrete Block with EPS Beads 
 

Splitting Tensile Strength Test: The splitting tensile strength results also decrease with higher EPS and fly ash content. At 28 
days, Mix M0 achieves the highest tensile strength (3.5 MPa), while Mix M3 has the lowest (2.0 MPa). The decrease in tensile 
strength follows the same pattern as compressive strength due to the lightweight and less rigid nature of EPS beads and the 
partial cement replacement with fly ash. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig 3: Splitting Tensile Stress 
                                                  

COMBINED DISCUSSION: Mix M1, incorporating balanced EPS beads and fly ash, proves optimal for construction with its 
suitable workability, reduced density for lightweight benefits, and adequate compressive and tensile strengths at 7, 14, and 28 
days. It offers a practical and sustainable solution, meeting structural demands while promoting economic and environmental 
efficiencies. 

CHAPTER 9 

CONCLUSION   

Conclusion Points 

Enhanced Workability and Density Benefits: 

o Increasing the proportion of EPS beads and fly ash improves the workability of concrete mixes, as evidenced by 
higher slump values. This improvement facilitates better placement and compaction, reducing segregation risks 
and ensuring consistency. 
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o Lower densities observed in mixes with higher EPS and fly ash content offer advantages in lightweight 
construction. These mixes contribute to weight reduction in structures, potentially lowering costs and improving 
energy efficiency over the structure's lifecycle. 

Strength Development and Performance: 

o Compressive strength decreases with higher EPS and fly ash content, although mixes like M1, M2, and M3 still 
exhibit acceptable strengths for structural applications at 28 days. The slower strength gain is attributed to the 
lightweight nature of EPS beads and the pozzolanic properties of fly ash. 

o Similarly, splitting tensile strength decreases with increased EPS and fly ash content. Mixes such as M1 
demonstrate sufficient tensile strength to resist cracking and tensile stresses, essential for durable concrete 
structures. 

Optimal Mix Selection (M1): 

o Mix M1, balanced with EPS beads and fly ash, emerges as the optimal choice. It combines improved workability, 
reduced density for lightweight benefits, and adequate compressive and tensile strengths. 

o This mix meets structural requirements while aligning with sustainability goals, promoting economic efficiency 
through material optimization and reducing environmental impact in construction practices. 
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