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Abstract 
 

The construction industry continually seeks sustainable alternatives to traditional materials in an effort to 

reduce environmental impact and waste generation. This research investigates the feasibility of using 

agricultural waste materials specifically sawdust and coconut shell powder as partial replacements for fine 

aggregate in concrete. In this study, the mix proportions of M15 grade concrete were modified by replacing 

5%, 10%, and 15% of fine aggregates with sawdust and coconut shell powder. The workability and 

compressive strength of the resulting concrete mixtures were tested at both 7 and 28 days of curing. The 

results indicated that the use of sawdust and coconut shell powder slightly reduced the compressive strength 

with increased percentage replacement, but improved the workability of the concrete. The study suggests 

that these agricultural by-products can contribute to sustainable concrete production, although further 

investigation into the optimal mix ratios is recommended to enhance performance 
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1.INTRODUCTION 

 

Concrete has long been a fundamental material in the construction industry due to its versatility, strength, 

and durability. However, the continuous demand for concrete has resulted in the excessive extraction of 

natural resources, particularly fine aggregates like river sand. This over-exploitation raises concerns over 

environmental sustainability and resource depletion. To mitigate these issues, there is a growing need to 

explore alternative materials that can reduce the consumption of traditional aggregates while enhancing the 

sustainability of concrete production. Agricultural waste materials, such as sawdust and coconut shell 

powder, have emerged as viable candidates for partial replacement of fine aggregates in concrete mixes. 

These materials, often considered waste products, are abundantly available and can offer significant 

environmental benefits when integrated into construction practices. 

Sawdust, a by-product of wood processing, and coconut shell powder, derived from discarded coconut 

shells, are two such agricultural waste products that have garnered attention for their potential use in 

concrete. Not only do these materials help alleviate waste disposal challenges, but they also provide 

opportunities to reduce the environmental impact associated with the extraction of natural aggregates. Their 

incorporation into concrete as partial replacements for fine aggregates could potentially lower the carbon 

footprint of construction, reduce the demand for sand, and promote a circular economy by reusing 

agricultural by-products in construction applications. 

In recent years, various studies have investigated the use of these alternative materials in concrete mixes. 

The findings have suggested that the inclusion of sawdust and coconut shell powder may influence the 
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mechanical properties of concrete, such as compressive strength, workability, and durability. While some 

research indicates that these materials can enhance workability and reduce the overall environmental impact 

of concrete, their effects on the compressive strength and long-term durability of concrete remain areas of 

active exploration. Understanding the optimal replacement levels of sawdust and coconut shell powder for 

fine aggregates is critical for balancing sustainability with performance. 

This study seeks to evaluate the effects of replacing fine aggregates with varying proportions of sawdust and 

coconut shell powder on the properties of concrete. Specifically, the research aims to assess the impact of 

these replacements on the compressive strength of concrete at curing periods of 7 and 28 days, as well as its 

workability, which is an important factor for ease of mixing and placing. Through these investigations, this 

study contributes to the growing body of knowledge on sustainable concrete materials and aims to identify 

the potential benefits and challenges associated with the partial replacement of fine aggregates with 

agricultural waste products. Ultimately, this research strives to provide a framework for optimizing the use 

of sawdust and coconut shell powder in concrete, promoting more sustainable practices in the construction 

industry while ensuring that the performance standards of concrete are met. 

By exploring these alternative materials, this research not only addresses pressing environmental issues but 

also opens up possibilities for using readily available agricultural waste in the production of high-

performance, resource-efficient concrete, supporting the broader goals of sustainable construction practices. 

 

2. NEED OF THE STUDY 

 

Studying the use of these materials in non-structural applications like pavements and low-strength concrete 
for improved sustainability. 

This study demonstrates that agricultural by-products like sawdust and coconut shell powder can serve as 

sustainable, cost-effective replacements for fine aggregates in concrete, enhancing its environmental 

performance while maintaining satisfactory strength and workability 

 

3.Objectives: 

 

 To Study the potential of saw dust and coconut shell as a partial replacement of cement. 

  To optimize the quantity of saw dust and coconut shell using central composite design (CCD) 

 

 

4. LITERATURE REVIEW 

 

3.1. “Utilization of Coconut Shell as Greener Concrete” b Saraswati Prajapati [M.Tech in Structural 

Engineering ] & Kirti Sahu Tirpude [Assit. Professor Department of Civil Engineering, Kalinga University 

Raipur (C.G.), India] published by International Journal for Research in Applied Science & Engineering 

Technology (IJRASET). 

The studies mentioned investigate the use of coconut and palm kernel shells as substitutes for conventional 

coarse aggregate in concrete mixtures. They found that as the percentage of shell aggregate increased, the 

compressive strength of the concrete decreased. Some studies also looked at the effects of fly ash on 

concrete with coconut shell aggregate. Overall, the use of coconut shell as a replacement for conventional 

coarse aggregate in concrete shows potential, but may result in decreased strength and workability. 

 

3.2. “Effect of Coconut Shell as A Coarse Aggregates on Behavior of Concrete” by SHUBHANGI B. 

DHOBLE [PG Student, Bapurao Deshmukh College of Engineering, Sevagram, Wardha ], DR. S. G. 

MAKARANDE [PG Student, Bapurao Deshmukh College of Engineering, Sevagram, Wardha ], PROF. V. 

A. KALMEGH [ Professor, Bapurao Deshmukh College of Engineering, Sevagram, Wardha] Published by 

IRE Journals.  

 Researchers from Bapurao Deshmukh College of Engineering studied the use of coconut shells as a partial 

replacement for coarse aggregate in concrete production to reduce environmental impact and cost. They 

found that replacing up to 10% of coarse aggregate with coconut shells maintained satisfactory strength and 

cost-effectiveness. Beyond 10% replacement, strength and density decreased. The use of coconut shell 

concrete reduced pollution by up to 15% and is recommended for use in low-strength, lightweight concrete 

applications. This sustainable approach aligns with environmentally friendly construction practices and 
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offers a cost-effective solution for the construction industry. Future studies can explore coconut shell 

properties further and its performance in structures. 

 

3.3. “Use of coconut shell as partly substitution of coarse aggregate - An experimental analysis” by  

Sanjay Kumar Verma & Sagar Shrivastava. 

Researchers have studied the use of coconut shell as a partial replacement for coarse aggregate in concrete 

production. The results showed that up to 10% replacement, the compressive strength was satisfactory at 

20.10 N/mm2, but further replacement decreased strength. Previous studies have also shown that coconut 

shell concrete is suitable for non-structural applications due to its lower density and adequate strength. 

Overall, using coconut shell as an aggregate in concrete offers benefits such as reduced costs, less depletion 

of natural resources, and an eco-friendlier environment. Further research is needed to optimize the 

replacement ratio, improve strength and durability, and explore applications in different construction 

projects. In conclusion, coconut shell has the potential to be a sustainable and cost-effective alternative to 

traditional coarse aggregates in concrete production. 

 

3.4. “Investigation of Properties of Concrete Using Sawdust as Partial Replacement for Sand” by  

Olugbenga Joseph Oyedepo, Seun Daniel Oluwajana, Sunmbo Peter Akande from Department of Civil 

Engineering, Federal University of Technology Akure, Nigeria. 

Study explores using sawdust as a substitute for sand in concrete. Results show that replacing sand with 

sawdust beyond 25% reduces compressive strength and density. Workability also decreases with higher 

sawdust content. Researchers suggest using sawdust up to 25% in concrete mix. Further studies needed to 
optimize sawdust replacement for better strength. Sawdust has potential as an eco-friendly aggregate in 

concrete but careful consideration needed for its effects. Study contributes to sustainable construction 

materials research and highlights the importance of optimizing sawdust use for desired properties. 

 

3.5. “Concrete using sawdust as partial replacement of sand : Is it strong and does not endanger health ?” by 

Nurul Huda Suliman, Amir Atif Abdul Razak, Hazrina Mansor, Anizahyati Alisibramulisi, Norliyati Mohd 

Amin, Faculty of Civil Engineering, UiTM Shah Alam, Malaysia. 

The study investigated using sawdust as a partial replacement for river sand in concrete production to reduce 

environmental problems and construction costs. Sawdust was replaced at 5%, 10%, and 15% of the total 

sand volume, with 10% being found as the optimal design based on compressive strength. Sawdust concrete 

was also found to be free from harmful health contaminants. The study highlights the potential of sawdust as 

an eco-friendly and economical alternative to conventional concrete, utilizing sawdust waste from 

Malaysia's wood-based industry. The findings suggest that sawdust concrete can be a viable solution for 

reducing waste, conserving natural resources, and promoting sustainable construction practices. This could 

be a promising solution for the construction industry as the world shifts towards sustainable development. 

 

3.6. “USE OF SAWDUST IN CONCRETE” by Auti Akash Vishnu, Davane sayali vishwas, Satpute 

Sukanya dagdu, Prof. Rachana Vaidya published by International Research Journal of Engineering and 

Technology (IRJET). 

 

Researchers from Alard College of Engineering and Management in Pune, India, studied using sawdust as a 

sustainable alternative to traditional building materials in concrete production. They found that sawdust can 

be used as a partial replacement for sand in concrete up to 30% in M20 grade concrete. Benefits of using 

sawdust concrete include being eco-friendly, non-reactive with cement and steel, controlling interior 

humidity, providing thermal and sound insulation, being frost-proof, lightweight, and economical. This 

study offers a sustainable and innovative solution for the construction industry in India by reducing reliance 

on natural resources, minimizing waste, and promoting environmentally friendly building practices. 

 

5. RESEARCH METHODOLOGY 

 

This study investigates the influence of partial replacement of fine aggregate with sawdust and coconut shell 

powder (CSP) on the properties of M20 grade concrete. The methodology comprises material selection, mix 

design, specimen preparation, and testing procedures. 
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4.1 Material Selection 

Materials were selected in accordance with relevant Indian Standards to ensure consistency and reliability. 

Ordinary Portland Cement (OPC) 53 grade, conforming to IS 12269:2013, was used for all mixes. River sand 

passing through a 4.75 mm sieve and conforming to IS 383:2016 served as the fine aggregate. Crushed 

granite, angular in shape and also compliant with IS 383:2016, was used as the coarse aggregate. Sawdust 

was sourced from local sawmills, oven-dried, and sieved to below 4.75 mm. Coconut shells were dried, 

pulverized into powder, and similarly sieved. 

 

4.2 Mix Design and Replacement Strategy 

Concrete mixes were designed for M20 grade with a nominal mix ratio of 1:1.5:3 (cement: fine aggregate: 

coarse aggregate) and a constant water-cement ratio of 0.5. The fine aggregate was partially replaced with an 

equal proportion blend of sawdust and CSP at 0%, 5%, 10%, and 15% by weight. 

 

4.3 Specimen Preparation 

Concrete specimens were prepared for compressive strength and workability tests. Cubes (150×150×150 

mm), cylinders (150 mm diameter × 300 mm height), and beams (100×100×500 mm) were cast. All dry 

components were mixed thoroughly, followed by the gradual addition of water. Mixing was performed for 3–

5 minutes to ensure homogeneity. The fresh concrete was cast into pre-oiled molds and compacted using a 

mechanical vibrator. Specimens were demolded after 24 hours and cured in water for 7 and 28 days. 

 

4.4 Testing Procedures 
Workability was evaluated using the slump cone test, as per IS 1199:1959. 

 

Compressive Strength was tested on cube specimens on the 7th and 28th days using a compression testing 

machine, following IS 516:1959. 

 

Material quantities for each mix were calculated based on a total specimen volume of 0.010125 m³ (3 cubes), 

using standard material densities. Replacements were adjusted accordingly, with fine aggregate reduced and 

the deficit filled by sawdust and CSP in a 1:1 ratio. 
 

6. RESULTS AND DISCUSSION 

 

6.1. Workability 

The workability of the concrete mixes was determined using the slump test. The results showed that 

increasing the percentage of sawdust and coconut shell powder improved the workability of the mix. This is 

due to the lighter nature of the replacement materials, which increases the ease of mixing and placement. 

 

 

Replacement Percentage 
Control Mix 

(mm) 

5% 

Replacement 

(mm) 

10% 

Replacement 

(mm) 

15% 

Replacement 

(mm) 

Sawdust + Coconut Shell 70 75 80 85 

 

Table 5.1: Slump Value in mm 
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6.2. Compressive Strength: 

 

The compressive strength of the concrete was tested at 7 days and 28 days. The results showed that as the 

percentage of replacement increased, the compressive strength decreased slightly. The control mix showed 

the highest compressive strength, while the 15% replacement mix exhibited the lowest strength. This 

reduction is attributed to the lower density and lower mechanical properties of sawdust and coconut shell 

powder compared to natural fine aggregates. 

 

 

Mix Design 7-Day Strength (MPa) 28-Day Strength (MPa) 

Control Mix 12 20.08 

5% Replacement 12.3 22.68 

10% Replacement 11.9 23.44 

15% Replacement 11.3 15.25 

 

Table 5.2: Compressive Strength 

 

• Control Mix: The control mix exhibited a 7-day compressive strength of 12 MPa and a 28-day strength 

of 20.08 MPa. 

       Result and Discussion 

• 5% Replacement: The addition of sawdust and coconut shell powder at 5% resulted in a slight increase 

in compressive strength, with a 7-day strength of 12.3 MPa and a 28-day strength of 22.68 MPa. 

• 10% Replacement: The 10% replacement showed a slight decrease in 7-day strength (11.9 MPa), but a 

higher 28-day strength (23.44 MPa) than the 5% replacement. 

• 15% Replacement: A significant decrease in strength was observed at 15% replacement, particularly at 

28 days (15.25 MPa), indicating that beyond 10% replacement, the mechanical properties of concrete are 

adversely affecte 
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