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ABSTRACT 

 

The growing emphasis on sustainable construction and life-cycle cost analysis has driven the 

need to develop durable and cost-effective concrete alternatives. Conventional concrete, 

while widely used, has significant environmental and economic drawbacks, including high 

carbon dioxide (CO₂) emissions from cement production and the increasing scarcity of 
natural river sand. To address these challenges, this study explores the feasibility of 

incorporating Brick Powder (BP) and Quarry Dust (QD) as partial replacements for cement 

and fine aggregates, respectively, in M40-grade concrete. This research evaluates the impact 

of replacing 10% of cement with Brick Powder (BP) and substituting fine aggregates with 

Quarry Dust (QD) in varying proportions of 0%, 5%, 10%, 15%, 20%, and 25%. The study 

investigates critical mechanical properties such as compressive strength and flexural strength 

under different mix proportions. The experimental methodology involves casting and testing 

concrete specimens under controlled conditions to assess their performance in terms of 

strength, workability, and durability. Results indicate that the incorporation of BP and QD 

improves the mechanical and durability properties of concrete. The optimal percentage of 

Quarry Dust replacement enhances the compressive and flexural strength without 

compromising workability. The increased pozzolanic activity of BP contributes to improved 

binding properties, resulting in denser and more durable concrete. Additionally, the use of 

QD as a fine aggregate replacement mitigates issues related to environmental degradation 

caused by excessive sand mining. A key finding of this research is that concrete mixes 

containing BP and QD exhibit superior resistance to harsh environmental conditions, 

including weathering and chemical attacks. These properties make them suitable for 

sustainable infrastructure development, particularly in regions with limited access to high-

quality natural sand and cement. The economic benefits of utilizing industrial by-products 

such as BP and QD include reduced material costs and lower carbon footprints, aligning with 

global sustainability goals. This study concludes that incorporating Brick Powder and Quarry 

Dust in concrete production presents a viable, eco-friendly alternative to conventional 

concrete. The results demonstrate that sustainable concrete mixtures can achieve desirable 

strength and durability properties while contributing to resource conservation and 

environmental protection. Future research can explore the long-term durability performance 

of these alternative concrete mixes under extreme conditions, optimizing mix designs for 

large-scale applications in infrastructure projects. 
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1. INTRODUCTION 

1.1 General 

To meet the requirements of globalization, in the construction of buildings and other 

structures concrete plays the major rightful role and a large quantum of concrete is being 

utilized. The constituent materials of concrete include cement, sand, coarse aggregate and 

water. For better performance and to meet the requirements additives or sometimes super 

plasticizers are used. Portland cement clinker production consumes large amounts of energy 

(850 kcal per kg of clinker) and has a considerable environmental impact. This involves 

massive quarrying for raw materials (limestone, clay, etc.), as it takes 1.7 tones to produce 1 

ton of clinker, as well as the emission of greenhouse and other Gases (NOx, SO2, CO2) into 

the atmosphere. Around 850 kg of CO2 are emitted per ton of clinker produced. River sand is 

most commonly used fine aggregate in the production of concrete poses the problem of acute 

shortage in many areas. Whose continued use has started posing serious problems with 

respect to its availability, cost and environmental impact. In the backdrop of such a bleak 

atmosphere, there is large demand for alternative materials from waste. Secondary cementing 

materials like Brick Powder can be used to partially replace cement because of pozzolanas 

nature. Materials like quarry dust best suites to sand due to its physical and chemical 

properties, fineness etc. Also these materials are known to increase durability, resistance to 

sulphate attack and Alkali- Silica reaction (ASR). Our main aim of study is to examine 

changes in mechanical properties, weight loss and chemical resistance. On completing the 

required tests we are presenting our experimental program and the results obtained. 

 

1.2 Construction and Demolition Waste in India: 

With quick urbanization the quantum of construction & demolition waste (C&D Waste) is 

continuously increasing. While it is estimated that the construction industry in India generates 

about 10-12 million tons of Construction and Demolition (C&D) waste annually, efforts to 

manage and use this waste is very petite. This has led to Private contractors utilizing 

unempirical dumping methods there-by putting harsh pressure on scarce urban land as well as 

dropping life spans of landfills.  

 

2. LITERATURE REVIEW 

 

The suitability of quarry dust as a sand replacement material shows that the mechanical 

properties are improved and also elasticmodulus.The compressive strength achieved optimum 

by replacing fine aggregate with quarry dust in ratio of 60:40 as done by Hmaid Mir [1].  

 

Felekoglu et al. [2] observed that the incorporation of quarry waste at the same cement 

content generally reduced the super plasticizer requirement and improved the 28 days’ 
compressive strength of SCC. Normal strength SCC mixtures that contain approximately 

300–310 Kg of cement per cubic meter can be successfully prepared by employing high 

amount of quarry waste.  
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Sukumar et al. [3] found that the relations have been established for the increase in 

compressive strength at premature ages of curing (12 h to 28 days) for different grades of 

SCC mixes and are compared withthe ISCode formula for straight concrete as per IS: SP23- 

1982.  

 

Ho et al. [4] explained that the granite fines can be used in the SCC production. However, it 

is important to spot out that, as a wastematerial, the properties of stone fines are likely to vary 

with time. Then, after that, the fineness of granite fines could solve durability problems, such 

as silica-alkali  reactions. These two issues would require to be addressed if the material is to 

be used with assurance.  

 

Utilization of quarry dust in concrete is recommended particularly in regions where sand is 

not easily available (Dehwah [5]).  

 

Muhit et al. [6] determined that passing from 200mm sieve is used as cement replacement 

whereas retaining from 100mm sieve is used as sand replacement. Cement was replaced with 

stone dust in percentage of 3, 5, and 7 percent. Similarly, sand was replaced with stone dust 

in percentage of 15 to 50 with an increase of 5 percent. Test result gives that compressive 

strength of mould with 35% of sand and 3% of cement replacing dust increases to 21.33% 

and 22.76% in that order compared to the normalmortarmould at 7 and 28 days for tensile 

strength which increased to 13.47%.  

 

Ukpata and Ephraim [7] identified the flexural and tensile strength properties compared with 

those for normal concrete. Hence, concrete proportion of lateritic sand and quarry dust can be 

used for construction provided themixture of lateritic sand content is reserved below 50%. 

Both flexural strength and tensile strength are increased with increase in lateritic content. 

 

According to Soutsos et al. [8], the physical characteristics of recycled destruction aggregates 

may unfavorably affect the properties of the blocks. However, levels of replacement of 

quarried stone aggregates with destruction recycled aggregates determined that it will not 

have significant harmful effect on the compressive strength. It is observed that there is 

consistent increase in the strength of plain concrete when natural sand is fully replaced by 

quarry dust (Chitlange and Pajgade [9]). 

 

Concrete containing quarry dust as fine aggregate can be effectively utilized in the 

construction industry with good quality materials, appropriate dosage of super plasticizer, 

appropriate mixing methods, and proper curing thereby ensuring sustainable development 

against environmental pollution (Devi and Kannan [10]). 

 

The investigation proposes that the stone dust can be replaced up to 50% without any effect 

on mechanical and physical properties and the economical saving will be 56% also as 

discussed by Nanda et al. [11]. 
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The study of Ilangovana et al. [12] gives attention to physical and chemical properties of 

quarry dust with respect to requirements of codal provision which are satisfied. The 100% 

replacement of sand with quarry dust gives better results in terms of compressive strength 

studies. 

 

Sanjay Raj. A [13]  The specific gravity of brick powder being higher than the raw materials 

concrete, it helps in increasing the density of concrete which results in less pores and high 

compact concrete. This is and eco-friendly concrete as it subsides the stagnation of 

demolished brick waste by consuming it. As much as of the total cost of cement in 

conventional method can be saved by this procedure. Cost saving percentage increases with 

increase in richness of mix design. The W/C ratio has being kept constant even as the surface 

area is increasing with increase in percentage of brick powder. This helped in reducing the 

unwanted bleeding and segregation in concrete. The compressive strength increases up to 

10% replacement of cementitious material compared to the respective conventional concrete 

strength.  

 

 

3. PROPOSED SYSTEM 

3.1 Objective 

The present study deals with the replacement of cement by 10% brick powder and 

replacement of fine aggregates with varying percentages (0%,5%, 10%, 15%, 20%, 25%) by 

Quarry sand Dust for M 40 grade of concrete.  

i) To study the effect of replacement of different percentages (0%,5%, 10%, 15%, 20%, 

25%) in fine aggregates by quarry dust and 10% cement by brick powder in the 

concrete. 

ii) To determine the workability of freshly prepared concrete by Slump test & 

Compaction factor test. 

iii) To determine the compressive strength of cubes at 7, 14, 28 days curing  

iv) To determine the flexural strength of beams at 28 days curing. 

3.2 Methodology 

1. Collect the quarry dust and sieved from IS Sieve 4.75mm to IS Sieve 75microns. 

2. Collect the waste bricks powder and sieved from IS 75microns, passed from 

75microns is used for replacement of cement. 

3. Physical properties of cement, fine aggregate, coarse aggregate, quarry dust and brick 

powder. 
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4. Find out the mix design M40 grade of concrete. The concrete, natural sand is replaced 

with Quarry-dust with various percentages 0%, 5%, 10%, 15%, 20% & 25%. Cement 

is replaced with brick powder by 10%. 

5. Preparation of Concrete cubes and beams based on mix proportions. Find out the 

Compressive strength for cubes and flexural strength for beams. 

6. Results & discussions 

 

Experimental work carried out including properties of various materials used and their mix 

proportions. The details of method of casting of specimens and their testing procedures are 

explained.  

Materials used: 

• Ordinary Portland cement (53Grade), 

• Brick powder 

• Quarry dust, 

• Fine & Coarse Aggregates, 

• Super plasticizer (Conplast SP-430) 

• Water. 

 

4. RESULTS AND DISCUSSIONS 

 

As per experimental programme results for different experiments were obtained. They are 

shown in table format or graph, which is to be presented in this chapter. 

4.1 Workability Test 

4.1.1 Slump Test 

The Slump test was performed on the BD - QD concrete to check the workability of it at 

different replacements viz. 5 %, 10 %, 15%, 20% and 25% the following results were 

obtained below table. 

Table 4.1: Results of Slump test 

Brick dust (%) % of Quarry 

dust 

Slump value (cm) 

0 0 22 

10 0 21 

10 5 20 

10 10 19 

10 15 19 

10 20 15 

10 25 14 
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Fig 4.1: Slump test results 

The above figure 4.1 shows the slump results. It was observed that, the slumps decreased as 

the BD – QD content were increased in the mix. It was suitable for Low Workability mixes. 

4.1.2 Compacting Factor 

The compaction factor test was performed on the BD - QD concrete to check the work ability 

of it at different replacements viz. 5%, 10%, 15%, 20% and 25% the following results were 

obtained below table. 

Table 4.2: Results of compaction factor test 

S.No BD (%)  QD (%) Compaction  

Factor (%) 

1 0 0 0.89 

2 10 0 0.88 

3 10 5 0.86 

5 10 10 0.85 

6 10 15 0.85 

7 10 20 0.84 

8 10 25 0.83 
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Figure 4.2: Compacting factor test 

The above figure 4.2 shows the results of the compacting factor. The results show that, the 

compacting factor decreases with increase in quarry dust content.  

4.2 Compressive Strength Test 

The Compressive strength generally a gradual increase up to a particular proportion of 

Quarry dust at constant brick powder proportion. But a gradual increase in the QD% leads to 

the gradual decrease in the Compressive strength and optimum values are obtained at 10% 

BP +10% QD for water curing. 

 

Table 4.3: Results of average compressive strength (N/mm2) 

BD (%)  QD (%) 7days 14days 28days 

0 0 25.2 35.3 39.6 

10 0 27 36.9 42.1 

10 5 28.4 38 43.3 

10 10 30.2 39.7 44.7 

10 15 29 37.2 42.9 

10 20 27.3 37.8 41.5 

10 25 25.8 36 40.1 
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Fig 4.3: Compressive strength v/s % of BD&QD  

From the above results it was observed that with the increase in percentage of BD (10%) & 

QD from 0% to 10% in concrete the compressive strength increases after that decreases. 

4.3 Flexural Strength Test  

The Flexural strength generally a gradual increase upto a particular proportion of Quarry dust 

at constant brick powder proportion. But a gradual increase in the QD% leads to the gradual 

decrease in the flexural strength and shows optimum values are obtained at 10% BP - 10% 

QD for 28 days. 

Table 4.3: Results of average Flexural strength (N/mm2) 

BD (%)  QD (%) 28days 

0 0 4.1 

10 0 4.23 

10 5 4.4 

10 10 4.52 

10 15 4.38 

10 20 4.2 

10 25 4.15 
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Fig 4.4: Flexural strength v/s % of BD & QD 

From this study, it can be concluded that a replacement of up to 10% of QD (BD 10%) can be 

made safely in flexural members. The variation in flexural strength with respect to the given 

percentage of BD% & QD% is shown in fig 4.4. 

5. CONCLUSIONS 

 

The present study concludes that recycled brick powder concrete exhibits good strength under 

fire exposure, making it a viable alternative to conventional concrete. Since recycled brick is 

readily available and its use reduces environmental impact, incorporating it into concrete is 

advantageous. The findings indicate that concrete can be successfully replaced with 10% 

brick powder along with a partial replacement of fine aggregate with quarry dust. However, 

as the percentage of replacement increases beyond the BD (10%)-QD (10%) mix proportion, 

the strength of the concrete starts to decline. Therefore, the study is limited to this optimal 

mix proportion. The results further reveal that the weight loss and residual strength of brick 

powder and quarry dust concrete are higher than those of normal aggregate concrete. A 

noticeable reduction in compressive strength is observed for 7, 14, and 28 days of curing 

beyond the BD (10%)-QD (10%) mix proportion, indicating that excessive replacement 

negatively affects mechanical properties. Similarly, flexural strength also decreases 

significantly after 28 days of curing when the replacement exceeds this proportion. However, 

for all mix variations considered in the study, an initial increase in strength is observed up to 

a certain level for 7, 14, and 28 days of curing. Additionally, incorporating brick powder and 

quarry dust in concrete not only enhances sustainability but also reduces the overall cost of 

construction compared to conventional aggregate concrete, making it an economical and eco-

friendly alternative for construction applications.  
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