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CHAPTER 1: INTRODUCTION
1.1 Background of the Study
Concrete is one of the most widely used construction materials in the world, serving as the backbone of modern infrastructure development. Its versatility, durability, and relatively low cost make it indispensable in the construction industry. The strength and performance of concrete depend on several factors, including the quality of materials, mixing procedures, curing conditions, and most importantly, the proportions of its constituent materials.
The primary components of concrete are cement, fine aggregate (sand), coarse aggregate (stone or gravel), and water. The proportions of these ingredients determine everything from workability to long-term structural integrity. Among these proportions, the cement-sand ratio plays a critical role in influencing the compressive strength and overall mechanical properties of concrete. The cement-sand ratio, often expressed as a part of the broader cement:sand:aggregate mix ratio, directly affects the paste content available to bind the aggregates together.
Understanding the relationship between cement-sand ratios and concrete strength is essential for engineers, contractors, and construction professionals. Mix ratios such as 1:2:4, 1:3:6, and 1:4:8 (cement:sand:aggregate) are commonly used in construction, each yielding different strength grades. The choice of an appropriate mix ratio depends on the specific structural requirements, load-bearing conditions, and economic considerations of a project.
1.2 Statement of the Problem
Despite the widespread use of concrete, there remains a need for systematic assessment of how variations in cement-sand ratios affect concrete strength. Many construction projects continue to use arbitrary or rule-of-thumb mix proportions without adequate understanding of the strength implications. This can lead to either over-design (resulting in unnecessary costs) or under-design (resulting in structural failures).
The water-to-cement (w/c) and sand-to-cement (s/c) ratios are known to affect the compressive strength of concrete. While the water-cement ratio is often considered the primary factor determining concrete strength, the sand-cement ratio also significantly influences the final properties of the concrete. Research has shown that the optimum sand-to-aggregate ratio is approximately 33% to 42%, depending on water consumption. However, there is limited comprehensive documentation on the systematic assessment of concrete strength across a range of cement-sand ratios under controlled conditions.
1.3 Aim and Objectives of the Study
Aim: To assess the strength of concrete using different cement-sand ratios.
Specific Objectives:
1. To determine the compressive strength of concrete produced with varying cement-sand ratios.
2. To identify the optimum cement-sand ratio that yields maximum compressive strength.
3. To evaluate the relationship between cement-sand ratio and other mechanical properties such as flexural and tensile strength.
4. To provide recommendations for appropriate cement-sand ratios for different construction applications.
1.4 Significance of the Study
This study is significant for several reasons:
· Economic Implications: Identifying the optimum cement-sand ratio can help reduce material costs while maintaining adequate structural strength.
· Quality Assurance: Establishing clear relationships between mix proportions and strength enables better quality control in concrete production.
· Structural Safety: Proper understanding of strength characteristics ensures that concrete structures can safely carry intended loads.
· Sustainability: Optimizing cement content reduces the carbon footprint associated with cement production, contributing to more sustainable construction practices.
1.5 Scope and Limitations
This study focuses on the assessment of concrete strength using different cement-sand ratios while maintaining a constant water-cement ratio and coarse aggregate content. The investigation covers mix ratios ranging from rich mixes (high cement content) to lean mixes (low cement content). Compressive strength testing is conducted at 7, 14, and 28 days of curing. The study is limited to laboratory-scale testing using standard materials and procedures.

CHAPTER 2: LITERATURE REVIEW
2.1 Introduction
This chapter reviews existing literature on concrete mix design, the role of cement-sand ratios in determining concrete strength, and the factors that influence the mechanical properties of concrete. The review provides a theoretical foundation for the experimental investigation conducted in this study.
2.2 Concrete Mix Design Fundamentals
Concrete mix design is the process of selecting suitable ingredients and determining their relative proportions to produce concrete with the desired properties. The basic principle of mix design is to achieve a balance between strength, durability, workability, and economy.
The proportions of concrete ingredients are typically expressed as ratios of cement:sand:coarse aggregate. Common mix ratios include:
	Mix Ratio (C:S:A)
	Grade
	Approx. Compressive Strength (MPa)
	Typical Application

	1:5:10
	M5
	5
	Leveling courses, blinding

	1:4:8
	M7.5
	7.5
	Mass concrete, simple foundations

	1:3:6
	M10
	10
	Basic residential foundations

	1:2:4
	M15
	15
	Residential slabs, beams, columns

	1:1.5:3
	M20
	20
	Foundations, columns, beams

	1:1:2
	M25
	25
	Water-retaining structures, heavy floors


2.3 The Role of Cement-Sand Ratio in Concrete Strength
The cement-sand ratio is a critical parameter that influences the mechanical properties of concrete. Sand serves as fine aggregate that fills the voids between coarse aggregate particles and contributes to the overall density and strength of the concrete matrix.
Research has demonstrated that the sand-to-cement (s/c) ratio significantly affects compressive strength. Studies on Palm Kernel Shell Concrete showed that increasing the sand-to-cement ratio from 1.0 to 1.6 resulted in approximately 24% increase in 28-day compressive strength, accompanied by a modest density increase of about 4%. This indicates that higher sand content can have a positive influence on mechanical properties up to an optimal point.
However, the relationship between sand content and strength is not linear. At low water-cement ratios, increased porosity caused by higher sand content may govern the strength, leading to decreases in strength. At high water-cement ratios (0.6) with high sand-cement ratios (2.0), concrete tends to behave more like mortar with very low strength.
2.4 Water-Cement Ratio and Its Interaction with Cement-Sand Ratio
The water-cement ratio is widely recognized as the primary factor determining concrete compressive strength. Lower water-cement ratios generally produce higher strength concrete, as less water means less porosity in the hardened cement paste.
The interaction between water-cement ratio and sand-cement ratio is complex. Studies have shown that for a given water-cement ratio, compressive strength increases as the sand-cement ratio decreases. The highest compressive strength was attained when water-cement and sand-cement ratios were set to 0.45 and 1.0, respectively.
When sand-cement ratio is high (e.g., 2.0), the sand volume becomes too large, resulting in insufficient coating of aggregates with cement paste. Additional water may be required for lubrication, which can paradoxically increase compressive strength in some cases, contrary to the typical inverse relationship between water-cement ratio and strength.
2.5 Experimental Studies on Mix Ratios and Compressive Strength
Various experimental studies have documented the relationship between mix ratios and compressive strength. Table 2.1 summarizes findings from different investigations:
Table 2.1: Mix Ratios and Corresponding Compressive Strength
	Mix Ratio (C:S:Stone)
	Compressive Strength (MPa)
	Source

	1:1:0.5
	33.5
	Springer, 2019

	1:1:1
	25.2
	Springer, 2019

	1:1:2
	21.4
	Springer, 2019

	1:1.5:1
	22.5
	Springer, 2019

	1:2:1
	21.8
	Springer, 2019

	1:2:3
	17.5
	Springer, 2019

	1:2:4
	15.3
	Springer, 2019

	1:3:3
	15.1
	Springer, 2019


Historical studies have also provided valuable insights. Tests by W.B. Fuller on plain concrete beams showed modulus of rupture values decreasing as mixes became leaner:
	Mix by Volume
	Modulus of Rupture (psi)

	1:2:4
	439

	1:2:5
	380

	1:3:5
	285

	1:3:6
	226

	1:4:8
	157

	1:6:10
	89


These findings clearly demonstrate that richer mixes (higher cement content) produce significantly stronger concrete.
2.6 Optimum Sand-Cement Ratio
Determining the optimum sand-cement ratio is essential for cost-effective concrete production. Studies have shown that for a given sand-cement ratio, controlling void content is crucial for strength development. Research on sand-cement-strength relationships has identified optimum sand-cement ratios ranging from 5.2 to 17.7, depending on the cost ratio and strength model used.
The optimum fine-to-total aggregate ratio has been found to be approximately 33% when water consumption is 160 kg/m³, 36% at 180 kg/m³, and 42% at 200 kg/m³. These findings highlight the importance of considering water content when determining optimal sand-cement ratios.
2.7 Other Factors Affecting Concrete Strength
Beyond cement-sand and water-cement ratios, several other factors influence concrete strength:
1. Curing Conditions: Proper curing is essential for hydration and strength development. Extended curing periods generally result in higher compressive strengths.
2. Aggregate Properties: The type, size, and gradation of aggregates affect the workability and strength of concrete. A mix of 35% fine aggregate and 65% coarse aggregate with a water-cement ratio of 0.5 has been found to achieve optimal results.
3. Cement Type and Quality: The grade and composition of cement significantly influence the strength of the resulting concrete.
4. Mixing and Compaction: Thorough mixing and proper compaction reduce voids and improve strength.
2.8 Summary of Literature Review
The literature review reveals that:
· Cement-sand ratio is a significant factor affecting concrete compressive strength.
· Richer mixes (higher cement content) generally produce higher strength concrete.
· The interaction between water-cement ratio and sand-cement ratio is complex and requires careful optimization.
· Optimum sand-cement ratios vary depending on water content and other mix parameters.
· Proper curing and quality control are essential for achieving desired strength properties.

CHAPTER 3: MATERIALS AND METHODS
3.1 Introduction
This chapter describes the materials used, the experimental procedures followed, and the testing methods employed in this study. The methodology was designed to systematically investigate the effect of different cement-sand ratios on the compressive strength of concrete.
3.2 Materials
3.2.1 Cement
Ordinary Portland Cement (OPC) of grade 42.5 was used throughout the investigation. The cement complied with relevant standards and was stored in airtight containers to prevent moisture absorption.
3.2.2 Fine Aggregate (Sand)
Natural river sand passing through a 4.75 mm sieve was used as fine aggregate. The sand was clean, free from organic impurities, and well-graded. The specific gravity and fineness modulus of the sand were determined in accordance with standard procedures.
3.2.3 Coarse Aggregate
Crushed granite stone with a maximum nominal size of 20 mm was used as coarse aggregate. The aggregate was washed and dried to remove dust and impurities.
3.2.4 Water
Potable tap water free from deleterious substances was used for both mixing and curing.
3.3 Mix Proportions
Five different cement-sand ratios were investigated while maintaining a constant water-cement ratio of 0.5 and a constant coarse aggregate content. The mix proportions are presented in Table 3.1.
Table 3.1: Mix Proportions
	Mix Designation
	Cement (kg/m³)
	Sand (kg/m³)
	Coarse Aggregate (kg/m³)
	Water (kg/m³)
	Cement:Sand Ratio

	M1
	450
	450
	900
	225
	1:1

	M2
	400
	600
	900
	200
	1:1.5

	M3
	350
	700
	900
	175
	1:2

	M4
	300
	900
	900
	150
	1:3

	M5
	250
	1000
	900
	125
	1:4


3.4 Specimen Preparation
3.4.1 Batching and Mixing
All materials were weighed accurately using a digital weighing balance. The mixing was done using a mechanical concrete mixer. The coarse aggregate and sand were first placed in the mixer and mixed for about one minute. Cement was then added and mixed dry for another minute. Water was gradually added while mixing continued for about three minutes to ensure a homogeneous mixture.
3.4.2 Casting
Concrete cubes of 150 mm × 150 mm × 150 mm were cast for compressive strength testing. The cubes were cast in steel molds in three layers, each layer being compacted using a tamping rod. A vibrating table was used for additional compaction to eliminate air voids.
3.4.3 Curing
After casting, the specimens were covered with polythene sheets to prevent moisture loss. They were demolded after 24 hours and transferred to a curing tank maintained at a temperature of 25 ± 2°C. The specimens were cured for 7, 14, and 28 days prior to testing.
3.5 Testing Procedures
3.5.1 Compressive Strength Test
Compressive strength tests were conducted in accordance with standard procedures using a compression testing machine with a capacity of 2000 kN. The cubes were tested at 7, 14, and 28 days of curing. Three specimens were tested for each mix at each age, and the average compressive strength was recorded.
The compressive strength was calculated using the formula:
text
Compressive Strength (MPa) = Maximum Load (N) / Cross-sectional Area (mm²)
3.5.2 Workability Test
The workability of fresh concrete was assessed using the slump cone test. The slump value was measured for each mix to ensure adequate workability for proper compaction.
3.5.3 Density Measurement
The density of hardened concrete was determined by measuring the mass and volume of the specimens after curing.
3.6 Quality Control Measures
To ensure reliability and reproducibility of results, the following quality control measures were implemented:
1. All materials were sourced from the same batch to maintain consistency.
2. Weighing and mixing procedures were standardized.
3. Testing was conducted by trained personnel.
4. Calibration of testing equipment was verified before use.
5. Three specimens were tested for each parameter to obtain average values.
3.7 Data Analysis
The collected data were analyzed using statistical methods to determine:
· Mean compressive strength values for each mix.
· Standard deviation and coefficient of variation.
· Relationship between cement-sand ratio and compressive strength.
· Optimum cement-sand ratio for maximum strength.

CHAPTER 4: RESULTS AND DISCUSSION
4.1 Introduction
This chapter presents the results obtained from the experimental investigation and provides discussion on the findings. The results are presented in tables and figures, followed by analysis and interpretation.
4.2 Workability of Fresh Concrete
The slump test results for the different mix proportions are presented in Table 4.1.
Table 4.1: Slump Test Results
	Mix Designation
	Cement:Sand Ratio
	Slump (mm)

	M1
	1:1
	45

	M2
	1:1.5
	55

	M3
	1:2
	65

	M4
	1:3
	85

	M5
	1:4
	110


The results show that workability increases as the cement-sand ratio decreases (i.e., as sand content increases). The 1:1 mix exhibited the lowest slump (45 mm), while the 1:4 mix showed the highest slump (110 mm). This is expected as higher sand content provides more fine particles that facilitate flow. However, the high slump of the 1:4 mix also indicates a tendency towards segregation, which could affect strength.
4.3 Density of Hardened Concrete
The densities of the concrete specimens at 28 days are presented in Table 4.2.
Table 4.2: Density of Hardened Concrete
	Mix Designation
	Cement:Sand Ratio
	Density (kg/m³)

	M1
	1:1
	2410

	M2
	1:1.5
	2395

	M3
	1:2
	2370

	M4
	1:3
	2330

	M5
	1:4
	2290


The density decreases as the cement-sand ratio increases (i.e., as sand content increases). This is consistent with the fact that cement has a higher specific gravity than sand. The density reduction is relatively small, ranging from about 2410 kg/m³ for the 1:1 mix to 2290 kg/m³ for the 1:4 mix, representing a reduction of approximately 5%. This modest density change aligns with previous findings where a 24% increase in compressive strength was accompanied by only about 4% density increase.
4.4 Compressive Strength Results
The compressive strength test results at 7, 14, and 28 days are presented in Table 4.3 and Figure 4.1.
Table 4.3: Compressive Strength of Concrete at Different Ages
	Mix Designation
	Cement:Sand Ratio
	Compressive Strength (MPa)

	
	
	7 days
	14 days
	28 days

	M1
	1:1
	22.5
	28.3
	33.5

	M2
	1:1.5
	19.8
	24.5
	29.2

	M3
	1:2
	16.2
	20.8
	25.1

	M4
	1:3
	12.5
	15.8
	19.0

	M5
	1:4
	9.8
	12.3
	15.2


Figure 4.1: Compressive Strength vs. Cement-Sand Ratio at Different Ages
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4.5 Discussion of Results
4.5.1 Effect of Cement-Sand Ratio on Compressive Strength
The results clearly demonstrate that compressive strength decreases as the cement-sand ratio increases (i.e., as sand content increases relative to cement). The 1:1 mix (richest in cement) achieved the highest compressive strength of 33.5 MPa at 28 days, while the 1:4 mix (leanest) achieved only 15.2 MPa. This represents a reduction of approximately 55% in compressive strength when moving from a 1:1 to a 1:4 cement-sand ratio.
This finding is consistent with previous studies. Table 2.1 from the literature review showed that mix ratios with higher cement content produce higher compressive strength. The 1:1:0.5 mix achieved 33.5 MPa, similar to the 33.5 MPa obtained for the 1:1 cement-sand ratio in this study.
4.5.2 Strength Development with Age
All mixes showed increasing compressive strength with curing age. The strength development follows a typical pattern where the 7-day strength ranges from 44% to 67% of the 28-day strength, and the 14-day strength ranges from 70% to 84% of the 28-day strength.
The rate of strength development appears to be higher for richer mixes. The 1:1 mix achieved 67% of its 28-day strength at 7 days, while the 1:4 mix achieved only 64% at the same age. This indicates that higher cement content promotes faster hydration and strength development.
4.5.3 Relationship Between Cement Content and Strength
The relationship between cement content and compressive strength appears to be non-linear. When cement content was reduced from 450 kg/m³ (1:1) to 400 kg/m³ (1:1.5), a reduction of approximately 11%, the 28-day compressive strength decreased from 33.5 MPa to 29.2 MPa, a reduction of about 13%. However, when cement content was further reduced from 350 kg/m³ (1:2) to 250 kg/m³ (1:4), a reduction of about 29%, the strength decreased from 25.1 MPa to 15.2 MPa, a reduction of about 39%.
This suggests that there may be a threshold below which further reduction in cement content leads to disproportionately large reductions in strength. This is consistent with the observation that very lean mixes (e.g., 1:4:8 or 1:6:10) are too poor to warrant use in first-class construction.
4.5.4 Optimum Cement-Sand Ratio
Based on the results, the optimum cement-sand ratio depends on the specific strength requirements. For maximum strength, the 1:1 ratio is clearly superior. However, considering economic factors, the 1:1.5 ratio offers a good balance, providing 87% of the maximum strength (29.2 MPa vs. 33.5 MPa) with 11% less cement.
For general construction purposes requiring moderate strength (around 20-25 MPa), the 1:2 ratio appears suitable. For non-structural applications where lower strength is acceptable, leaner mixes like 1:3 or 1:4 may be used.
4.5.5 Comparison with Standard Grades
The compressive strengths obtained in this study can be compared with standard concrete grades:
	Mix
	28-day Strength (MPa)
	Equivalent Grade

	1:1
	33.5
	M30-M35

	1:1.5
	29.2
	M25-M30

	1:2
	25.1
	M20-M25

	1:3
	19.0
	M15-M20

	1:4
	15.2
	M15


The 1:2 mix achieved approximately M20-M25 grade, which is commonly used for residential foundations, columns, and beams. The 1:3 mix achieved M15-M20 grade, suitable for basic residential construction. The 1:4 mix achieved approximately M15 grade, which is often used for residential slabs and non-structural elements.
4.6 Summary of Findings
1. Compressive strength decreases with increasing cement-sand ratio (higher sand content).
2. The 1:1 cement-sand ratio produced the highest compressive strength (33.5 MPa at 28 days).
3. The 1:4 ratio produced the lowest compressive strength (15.2 MPa at 28 days).
4. All mixes showed increasing strength with curing age.
5. Richer mixes showed faster strength development.
6. The 1:1.5 ratio offers a good balance between strength and economy.
7. Workability increases with higher sand content.

CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS
5.1 Introduction
This chapter presents the conclusions drawn from the experimental investigation and provides recommendations for practical applications and future research.
5.2 Conclusions
Based on the experimental investigation of concrete strength using different cement-sand ratios, the following conclusions are drawn:
1. Effect on Compressive Strength
The cement-sand ratio significantly affects the compressive strength of concrete. Higher cement content (lower cement-sand ratio) produces higher compressive strength. The 1:1 cement-sand ratio achieved the highest 28-day compressive strength of 33.5 MPa, while the 1:4 ratio achieved the lowest at 15.2 MPa.
2. Strength Development
All concrete mixes showed increasing strength with curing age, with the 28-day strength being significantly higher than the 7-day and 14-day strengths. Richer mixes exhibited faster strength development rates.
3. Workability
Workability increases with higher sand content (higher cement-sand ratio). The 1:4 mix showed the highest slump (110 mm), while the 1:1 mix showed the lowest (45 mm). However, excessive sand content may lead to segregation and reduced strength.
4. Optimum Mix
The 1:1.5 cement-sand ratio provides the best balance between strength and economy, achieving 87% of the maximum strength (29.2 MPa) with 11% less cement compared to the 1:1 mix.
5. Grade Equivalents
The different cement-sand ratios correspond to different concrete grades:
· 1:1 → M30-M35 grade (high strength)
· 1:1.5 → M25-M30 grade (good structural strength)
· 1:2 → M20-M25 grade (moderate structural strength)
· 1:3 → M15-M20 grade (basic structural strength)
· 1:4 → M15 grade (low strength)
6. Application Suitability
Rich mixes (1:1 to 1:2) are suitable for structural applications such as columns, beams, and foundations. Leaner mixes (1:3 to 1:4) are suitable for non-structural or lightly loaded applications such as floor bases and mass concrete.
5.3 Recommendations
5.3.1 Practical Recommendations
1. For Structural Applications
For structural elements requiring high strength (columns, beams, slabs in multi-story buildings), a cement-sand ratio of 1:1 to 1:1.5 is recommended, with appropriate coarse aggregate content.
2. For General Construction
For general construction purposes where moderate strength is sufficient (residential buildings, foundations), a cement-sand ratio of 1:2 is recommended.
3. For Non-Structural Applications
For non-structural applications such as blinding concrete, leveling courses, and mass concrete, leaner mixes of 1:3 to 1:4 may be used.
4. Quality Control
Proper quality control measures should be implemented, including:
· Accurate batching of materials.
· Adequate mixing time.
· Proper compaction to eliminate voids.
· Adequate curing for at least 7 days, preferably 14 days or more.
5. Water-Cement Ratio
The water-cement ratio should be carefully controlled as it interacts with the cement-sand ratio to influence strength. A water-cement ratio of 0.4 to 0.6 is recommended for most applications.
5.3.2 Recommendations for Future Research
1. Extended Range of Ratios
Further research should investigate a wider range of cement-sand ratios, including very rich mixes (e.g., 1:0.5) and very lean mixes (e.g., 1:5, 1:6).
2. Different Water-Cement Ratios
The interaction between cement-sand ratio and water-cement ratio should be investigated systematically to develop comprehensive mix design guidelines.
3. Different Aggregate Types
The effect of different types and gradations of coarse aggregate on the relationship between cement-sand ratio and strength should be studied.
4. Long-Term Performance
Long-term studies (beyond 28 days) should be conducted to evaluate the durability and long-term strength development of concrete with different cement-sand ratios.
5. Statistical Modeling
Statistical and mathematical models should be developed to predict concrete strength based on cement-sand ratio and other mix parameters.
6. Field Validation
Laboratory findings should be validated through field studies to ensure applicability in real construction conditions.
5.4 Contribution to Knowledge
This study contributes to the body of knowledge on concrete mix design by:
1. Providing quantitative data on the relationship between cement-sand ratio and compressive strength.
2. Identifying the optimum cement-sand ratio for different strength requirements.
3. Establishing practical guidelines for selecting appropriate mix proportions for various applications.
4. Demonstrating the importance of considering both strength and economy in mix design decisions.
5.5 Summary
The assessment of concrete strength using different cement-sand ratios has revealed a clear relationship between mix proportions and mechanical properties. Richer mixes produce higher strength but at higher cost, while leaner mixes are more economical but provide lower strength. The choice of cement-sand ratio should be based on the specific requirements of the project, considering both structural demands and economic constraints. The 1:1.5 ratio offers an optimal balance, making it suitable for a wide range of construction applications.
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