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Abstract 

The increasing demand for sustainable and lightweight construction materials has driven research into 

alternative aggregates for concrete production. This study investigates the mechanical and durability 

properties of coconut shell (CS) concrete with varying percentages of fly ash replacement. The research 

evaluates compressive strength, split tensile strength, water absorption, and workability to determine 

the feasibility of CS concrete as a structural material. Experimental findings indicate that incorporating 

10% fly ash (CSF10 and CSP10) significantly enhances compressive and split tensile strength at all 

curing ages (7, 28, and 56 days). The highest gain of strength was observed at 56 days due to the 

prolonged pozzolanic activity of fly ash. The CS-based mixes exhibited lower density than conventional 

concrete, highlighting their potential for lightweight construction applications. Water absorption was 

initially higher in CS concrete due to the porous nature of the aggregates but fly ash incorporation 

reduced absorption by refining the pore structure. Additionally, the partial replacement of CS with 

crushed granite aggregate (CSP mixes) further lowered water absorption, improving concrete 

durability. The study concludes that CS concrete with optimal fly ash replacement enhances mechanical 

strength and durability while maintaining sustainability. The results suggest its potential use in non-

structural and semi-structural applications, with further research recommended for long-term 

performance evaluation and large-scale implementation. The integration of waste materials such as CS 

and fly ash in concrete aligns with sustainable construction practices, promoting resource efficiency 

and environmental conservation. 
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INTRODUCTION 

Sustainability is a fundamental aspect of modern construction, emphasizing the need to balance the 

consumption of renewable and non-renewable resources. For nations, organizations, and individuals 

committed to sustainability, it involves responsible resource management, economic stability, social 

progress, and poverty reduction. The construction 

sector in its current state is unsustainable. In 

response, researchers have explored the 

incorporation of recycled aggregates in concrete 

production [1–4]. The recycling process, however, 

requires substantial energy for crushing demolition 

waste, contributing to CO₂ emissions. This 

highlights the need for alternative coarse aggregates 

that are renewable and environmentally friendly. 

Agricultural solid waste has been identified as a 

potential solution to meet these criteria [5]. 

 

The cement and concrete industries significantly 

contribute to global warming due to their energy-

intensive nature and high CO₂ emissions. Achieving 
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carbon neutrality in concrete production is challenging due to the substantial cement content, which can 

range from 200 to 1,200 kg/m3 of concrete. The cement industry alone accounts for approximately 5% 

of anthropogenic CO₂ emissions, contributing to the 25% total emissions from the industrial sector. 

Research indicates that nearly 85% of CO₂ emissions throughout a concrete structure's lifecycle stem 

from cement production [6]. One viable strategy to mitigate this environmental impact is the partial 

replacement of cement with locally available byproducts and supplementary cementitious materials. 

Additionally, substituting traditional coarse aggregates with alternative materials can help reduce 

natural resource depletion, promoting environmental sustainability in concrete production. 

 

OBJECTIVES 

• To analyze the compressive strength of CS-based concrete. 

• To assess the water absorption characteristics and its effect on the long-term performance of 

CSC. 

• To promote eco-friendly and sustainable construction practices by utilizing agricultural waste 

materials. 

 

MATERIALS 

Coconut Shell Aggregate 

Coconut shells, sourced from local copra drying yards, are washed to remove iron and processed to 

eliminate fibers from the convex side before crushing [7]. The shell thickness varies between 2 and 

5 mm. Due to high water absorption, they are used in an SSD condition after 24-h water immersion. 

 

River Sand as Fine Aggregate 

Locally sourced river sand (Zone II, specific gravity 2.6) was sieved through a 4.75 mm mesh, 

ensuring uniformity. Testing was conducted per IS 383-1970. 

 

Coarse Aggregate 

Crushed granite (3–12 mm) was used in CSP mixes. Key properties such as bulk density, specific 

gravity, water absorption, AIV, ACV, and abrasion value were assessed. 

 

Cement 

53 Grade OPC (UltraTech) was used, conforming to IS 12269:2013. The specific gravity was 3.15. 

 

Fly Ash 

Class F fly ash (specific gravity 2.08) from Mandideep, Madhya Pradesh, was used as a pozzolanic 

material to enhance durability and reduce OPC content, lowering CO₂ emissions. 

 

Water 

Only potable water, free from harmful impurities, was used for mixing and curing to prevent adverse 

effects on concrete properties. 

 

Superplasticizer 

Conplast SP430 (sulfonated naphthalene polymer) was added to improve workability, allowing water 

reduction and strength enhancement. The optimal dosage was 1.2% of the binder content. 

 

RESULTS 

Compressive Strength  

The compressive strength of various coconut shell concrete (CSC) mixes at 7, 28, and 56 days is 

summarized in Table 1. Among the different fly ash replacement levels, the mixes with 10% fly ash 

(CSF10 and CSP10) exhibited the highest compressive strength across all curing periods. These 

findings align with the research conducted on oil palm shell lightweight concrete incorporating fly ash. 

Figures 1and 2 depict the compressive strength trends for CSF and CSP mixes, respectively. 
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The CSF10 mix demonstrated a compressive strength improvement of approximately 20, 16, and 

32% at 7, 28, and 56 days, respectively, compared to the control CSF mix. Similarly, the CSP10 mix 

exhibited increases of 19, 15, and 25% at the same curing intervals compared to the CSP mix. The 

substantial rise in compressive strength at 56 days in both mixes can be attributed to the prolonged 

pozzolanic activity of fly ash, which continues beyond 28 days [8–12]. 

 

However, when the fly ash replacement exceeded 10%, a decline in 28-day compressive strength was 

observed. Specifically, with 20% fly ash replacement, the CSF mix experienced a reduction of 16 and 

10% at 7 and 28 days, respectively, while increasing by 22% at 56 days. At a 30% fly ash replacement, 

compressive strength decreased by 27 and 14% at 7 and 28 days, respectively, but improved by 29% at 

56 days. Similarly, for the CSP mix, a 20% fly ash replacement led to compressive strength reductions 

of 15 and 11% at 7 and 28 days, respectively, followed by a 20% increase at 56 days. At 30% fly ash 

replacement, strength declined by 26 and 15% at 7 and 28 days, respectively, but rose by 25% at 56 days 

(Table 1 and Figures 1 and 2) [13–16]. 

 

Table 1. Compressive strength of coconut shell concrete. 

Mix Designation Compressive strength (MPa) 

7 days 28 days 56 days 

CSF0 24.1 31 31.4 

CSF10 28 36 41.5 

CSF20 19.7 38 38.5 

CSF30 17 27 40.4 

CSP0 26 34 35 

CSP10 31 39 44 

CSP20 22 31 42 

CSP30 19 29 43.5 

 

 
Figure 1. Compressive strength of CSF mix. 
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Figure 2. Compressive Strength of CSP Mix. 

 

Table 2. Water absorption of different concrete mixes at various curing ages. 

Mix Designation 3 days 7 days 28 days 56 days 90 days 

CSF0 12.1 12.3 10.4 9.2 7.4 

CSF10 10.2 9.8 8.3 7.7 6.7 

CSF20 9.2 8.7 6.2 5.8 5.4 

CSF30 8.3 8.2 5.6 5.3 4.7 

CSP0 6.3 6.1 4.7 4.3 3.7 

CSP10 5.6 5.5 4.2 3.6 3.1 

CSP20 5.3 5.1 3.7 3.5 2.8 

CSP30 4.8 4.8 3.6 3.3 2.6 

 

Water absorption is a key indicator of concrete durability, representing the movement of liquids 

within porous materials due to surface tension in capillaries. The absorption values for different concrete 

mixes are detailed in Table 2, with comparisons made between conventional concrete and CSF and CSP 

mixes. The degree of absorption provides insights into the open pore volume of the specimens. Figure 3 

illustrates CS concrete specimens placed in an electric oven for water absorption assessment [17–22]. 

 

For the CSF mix, the 28-day water absorption was recorded at 10.5%, which gradually decreased 

over extended curing periods (56 and 90 days). This reduction can be attributed to the gradual 

evaporation of moisture from the coconut shell (CS) aggregate, which initially retained water during 

the mixing process. Additionally, the inclusion of fly ash in CSF mixes led to lower absorption  

values compared to those without fly ash. A higher fly ash content corresponded to reduced water 

absorption, likely due to the fine particles filling pores within the concrete, thereby limiting water 

retention [23–27]. 

 

In the CSP0 mix, the 28-day water absorption was measured at 4.8%, equating to only 46% of the 

absorption observed in CSF0. Since CSP mixes incorporate 50% conventional crushed granite (CG) 

aggregate in the total coarse aggregate content, they exhibited significantly lower water absorption. The 

absorption values for CSP10, CSP20, and CSP30 were recorded as 4.1, 3.8, and 3.5%, respectively.  
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Figure 3. Variation in water absorption of concrete mixes over time. 

 

The incorporation of fly ash further contributed to reducing absorption by minimizing pore spaces 

within the concrete matrix. A slight decline in absorption was observed over extended curing periods 

(56 and 90 days) in CSP mixes. Compared to CSF and CSP mixes, conventional concrete exhibited the 

lowest absorption levels, with its coarse aggregate absorbing just 0.2%, significantly lower than the 

25% absorption capacity of CS aggregate (Table 1). This explains the minimal water absorption 

observed in conventional concrete [28–30]. 

 

CONCLUSION 

• The compressive strength results showed that a 10% fly ash replacement (CSF10 and CSP10) 

achieved the highest strength at all curing ages (7, 28, and 56 days). However, strength decreased 

beyond 10% replacement. 

• A significant increase in compressive strength at 56 days was observed due to the continued 

pozzolanic reaction of fly ash, improving concrete durability. 

• Water absorption was found to be higher in CS-based concrete compared to conventional 

concrete due to the porous nature of coconut shell aggregates. However, fly ash incorporation 

reduced water absorption by filling voids in the matrix. 

• The use of 50% crushed granite aggregate in CSP mixes significantly reduced water absorption, 

improving the durability of the concrete. 

• The findings suggest that incorporating fly ash up to 10% in CS concrete enhances strength and 

durability, making it a viable sustainable alternative for lightweight concrete applications. 
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