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Abstract

This study examines the potential of using coconut shell flakes and silica fume to produce sustainable concrete for
low-load pavement applications in developing regions like Bangladesh. Concrete mixes were prepared with 0—-15%
coconut shell flakes replacing coarse aggregates and 0—15% silica fume replacing cement, maintaining a 0.45 water—
cement ratio. Tests on 160 specimens evaluated compressive strength, tensile strength, porosity, and slump consistency
after 28 and 56 days of curing. Results showed that while coconut shell reduced strength, silica fume at 5-10%
improved both strength and durability, with a 16.6% increase in compressive strength at optimum levels. The findings
highlight that these waste materials can effectively replace conventional ingredients, promoting sustainable and cost-
efficient infrastructure development.
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1. Introduction

Concrete remains the most widely utilized construction material globally due to its versatility, strength, and durability
(Kambli & Mathematic, 2014). However, traditional concrete production relies heavily on energy-intensive cement
manufacturing and natural aggregates, contributing to 8% of global CO- emissions (Andrew, 2019) and depleting
finite resources like sand and gravel. In developing nations like Bangladesh, rapid urbanization intensifies demand for

infrastructure particularly pedestrian and bicycle pathways while exacerbating environmental strain. Concurrently,
agricultural waste management poses critical challenges; Bangladesh generates 500 million coconut shells annually,
often discarded or burned, leading to disposal issues and missed resource opportunities (Heshmati, 2017).

To address these dual challenges, researchers advocate for sustainable alternatives incorporating industrial and
agricultural byproducts (Pacheco-Torgan et al., 2013). Coconut shell flakes (CSF), a lightweight, fibrous waste
material abundant in tropical regions, exhibit promising mechanical properties for partial coarse aggregate

replacement (Shelke et al.. 2014). Studies confirm CSF’s rough surface texture enhances bonding with cement
matrices, while its low density (specific gravity: 1.03—1.56) reduces concrete weight (Javadi Presario et al., 2025).Its

ultra-fine particles (<1 um) densify concrete microstructure, improving strength (Ridwan et al.. 2019) and durability
via secondary reactions with calcium hydroxide. Though CSF and SF individually improve sustainability

(Amudhavalli & Mathew, 2012), their synergistic potential especially for low-load applications remains

underexplored in Bangladesh’s socio-environmental context (Arifin et al., 2021).
2. Materials and Methods

2.1 Materials

2.1.1. Cement:
Ordinary Portland Cement (OPC) complying with ASTM C150 (Seven Rings brand); specific gravity: 3.15,
initial setting time: 40 mins.

2.1.2. Fine Aggregate:
Natural river sand (specific gravity: 2.65, bulk density: 1530 kg/m?, FM: 2.70).

2.1.3. Coarse Aggregate:
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Crushed stone (20 mm max size, specific gravity: 2.72, dry rodded density: 1600 kg/m?).

2.1.4. Coconut Shell Flakes (CSF):
Prepared by cleaning, drying (8—10% moisture), crushing (20 mm size), and pre-soaking to SSD. Properties:
specific gravity 1.12, unit weight 694 kg/m?, water absorption 14.89%.

2.1.5. Silica Fume (SF):
Byproduct of ferrosilicon industry with 90% particles <1 um, specific gravity 2.2-2.3, >85% amorphous SiO-,
pozzolanic activity index: 110%.

2.1.6. Water:
Potable water (ASTM C1602), pH 6.8-7.2, TDS <500 ppm.

2.2 Concrete mixed proportions

Concrete was designed per ACI PRC-211.1 (2022) for 35 MPa strength and 70 mm slump. Each mix had three cubes
tested for compressive and split tensile strength at 28 and 56 days.

Table 2.1. Mix proportion of the concrete (kg/m?) used in this study.

Mix No Water Cement CA FA CS SF
(Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

CS 0%_SF 0% 213.5 474.44 904.96 806.16 0 0

CS 5% _SF 0% 213.5 474.44 859.712 806.16 45.248 0

CS 10% _SF0% 213.5 474.44 814.464 806.16 90.496 0

CS 15%_SF 0% 213.5 474.44 769.216 806.16 135.744 0
CS 0%_SF 5% 213.5 450.718 904.96 806.16 0 23.722
CS 5% SF 5% 213.5 450.718 859.712 806.16 45.248 23.722
CS 10%_SF5% 213.5 450.718 814.464 806.16 90.496 23.722
CS 15% SF 5% 213.5 450.718 769.216 806.16 135.744 23.722
CS 0% _SF 10% 213.5 426.996 904.96 806.16 0 47.444
CS 5% SF 10% 213.5 426.996 859.712 806.16 45.248 47.444
CS 10%_SF 10% 213.5 426.996 814.464 806.16 90.496 47.444
CS 15%_SF 10% 213.5 426.996 769.216 806.16 135.744 47.444
CS 0%_SF 15% 213.5 403.274 904.96 806.16 0 71.166
CS 5% _SF 15% 213.5 403.274 859.712 806.16 45.248 71.166
CS 10%_SF 15% 213.5 403.274 814.464 806.16 90.496 71.166
CS 15% SF 15% 213.5 403.274 769.216 806.16 135.744 71.166

Note: CS means coconut fiber, SF means silica fume, CA means coarse aggregate and FA means fine aggregate.
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2.3 Concrete sample preparation

Water was added carefully to control bleeding. Specimens were cast in three layers, compacted manually, and cured

in water after 24 hours of demolding. Curing periods were 28 and 56 days.
A B e

Figure 2-1: Mixing Figure 2-2: Casting Figure 2-3: Curing

2.4 Experimental methods

2.4.1. Porosity test:
1~W2

Porosity Equation P (%) = WT x 100
w

Where P: Porosity (%), Wi: Saturated weight (kg), Wa: Dry weight (kg), V: Volume of specimen (cm?), fw: Water
density (kg/cm? or kg/m?)

2.4.2. Compressive strength test:

100 mm cubes tested as per ASTM C39, load rate: 200 KN/m. Strength, f.=

(10,000 mm?). Calibration correction accounted for machine compliance via: Corrected=0.9833 X Pobservedt6.2901(in KN)
2.4.3. Split Tensile Strength Test:

Cube specimens loaded along vertical diameter. Tensile strength: T = 2P / nA2, where P = Calibrated load: P(KN) =
5.9662 x (observed load — 4) — 9.7624, A= Side of cube (mm)

Pmax .
T where A = cross-sectional area

Figure 2-3: Porosity Test Figure 2-4: Compressive Strength Test Figure 2-5: Splitting Tensile Test

3. Result and discussion

3.1. Compressive strength and Split Tensile Strength
Table 3-1 shows the compressive strength and split tensile strength and variation for control concrete and varying
CS% and SF% content for 28 days and 56 days.

Table 3-1: Results of compressive strength and split tensile strength

Compressive Strength (MPa) Split Tensile Strength (MPa)
Mix No 28 Days 56 Days 28 Days 56 Days

CS 0%SF0% 35.83 35.25 242 3.56
CS 5%SF0% 31.28 32.04 3.56 4.13
CS 10%SF0% 27.83 28.24 3.56 3.56
CS 15%SF0% 20.85 20.60 3.56 3.56
CS 0%SF5% 45.30 45.53 3.94 4.70
CS 5%SF5% 30.29 38.57 3.56 4.13
CS 10%SF5% 27.83 33.42 2.23 242
CS 15%SF 5% 27.24 28.24 2.23 242
CS 0%SF10% 41.76 42.75 2.04 2.23
CS 5%SF10% 38.16 38.65 5.46 5.46
CS 10%SF10% 35.21 35.86 3.94 3.94
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CS 15%SF10% 30.46 31.11 3.56 3.56
CS 0%SF15% 15.87 17.02 3.56 3.75
CS 5%SF15% 17.35 17.67 3.18 3.37
CS 10%SF15% 21.61 22.43 3.56 3.56
CS 15%SF15% 25.87 27.01 3.18 3.37
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Figure 3-1: Summery of strength for all variations (28 days)

3.2.1.1 Effect of Coconut Shell on Concrete Strength (Shortened)

Compressive strength consistently decreased with increasing coconut shell (CS) content due to its lower density and

higher porosity.
3.2.1.2 Effect of Silica Fume on Concrete Strength (Shortened)

Silica fume (SF) enhances compressive strength by up to 10% due to pozzolanic activity and densified microstructure.
3.2.1.3 Combined Effect of Coconut Shell and Silica Fume on Compressive Strength
Coconut shell reduces concrete strength, while silica fume enhances it by up to 10%.

3.2.2. Porosity test
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Figure 3-2: Porosity with respect to compressive strength (28 days)
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Figure 3-3: Porosity with respect to compressive strength (28 days)
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Figure 3-4: Porosity with respect to compressive strength (28 days)
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Figure 3-5: Porosity with respect to compressive strength (28 days)
3.2.2.1 Discussion on Porosity Test
Higher coconut shell content increases porosity and reduces concrete strength due to its lightweight, porous nature,
while silica fume (SF) refines the microstructure and enhances strength by filling voids and producing additional C—
S—H gel. A moderate combination of 5-10% CS with 5-10% SF achieves an optimal balance of porosity, strength,
and workability suitable for low-load sustainable construction applications.
4. Conclusion and recommendation
4.1. Conclusion
Incorporating coconut shell flakes (CSF) and silica fume (SF) in concrete improved sustainability while maintaining
adequate mechanical and durability performance for low-load pavement applications. The optimal mix of 10% CSF
and 10% SF achieved enhanced strength and reduced porosity, demonstrating the effective use of waste materials in
sustainable construction.
4.2. Recommendation
Coconut shell flakes (CSF) up to 10% and silica fume (SF) at 5-10% can produce sustainable concrete with adequate
strength and durability for low-load applications such as pedestrian and bicycle pathways. Proper CSF pre-soaking
and controlled batching enhances workability, while future studies should explore hybrid mixes and fiber
reinforcement to expand performance and application.
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