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ABSTRACT 

 
Rising cost of materials has led to the sourcing, developing and using of new materials such as agricultural wastes 

in construction. The use of coconut shell (CS) and coconut fibre (CF) in construction will ensure economical, eco-

friendly and sustainable construction, enhance reduction of waste, serve as alternative source of income to 

farmers, improve the economy of the nation and result in healthier environment. The strength properties (density, 

compressive and tensile strengths) of coconut shell concrete (CSC) produced by replacing conventional coarse 

aggregate with 0, 20, 40, 60, 80 and 100% CS at mix ratio of 1:11/2:3, and water/cement (w/c) ratio of 0.5 were 

determined. Another set of CSC produced at the same proportions were reinforced with fibre (1, 2, 3 and 4% by 

weight of cement) and the strengths re-determined. A total of 18 samples of 150 mm CSC cubes and 72 samples 

of 100 x 200 mm fibre-reinforced CSC cylinders, respectively were produced and tested after 28 days of curing 

for compressive strength and tensile strength, correspondingly. Results show that the physical properties of CS 

conformed to specifications for lightweight aggregates, confirming that CS as a lightweight aggregate suitable for 

the production of lightweight concrete. Results also show that the strength properties of CSC decreased with 

increase in proportion of CS. However, the strength properties increased with increase in the proportion of CF, 

implying that CF served as a good reinforcement in CSC. In addition, for each proportion of CF, the strength 

properties of CSC decreased with increased proportion of CS. The use of CF is, therefore recommended as 

reinforcement in concrete. 

 

Keywords: Coconut shell concrete; Coconut fibre; Compressive strength; Flexural strength; 

Density.

 

1. INTRODUCTION 

 

The high cost of construction materials has 

been a source of concern for all stakeholders in 

the construction industry. The costs of these 

materials keep rising day by day, thereby 

leading to high cost of construction. However, 

with the quest for affordable housing system for 

both the rural and urban population of Nigeria 

and other developing countries, various 

proposals focusing on cutting down the cost of 

conventional construction materials have been 

put forward. One of the suggestions in the 

forefront has been the sourcing, development  

and use of alternative, non-conventional local 

materials including the possibility of using 

some agricultural wastes and residues as 

construction materials. 

Following a normal growth in population, the 

amount and type of waste materials have 

increased accordingly. Many of the non-

decaying waste materials will remain in the 

environment for hundreds, perhaps thousands 
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of years, and cause waste disposal crisis, 

thereby contributing to environmental problems 

(Parag & Sandhya, 2014). However, their 

environmental impact can be reduced by 

making more sustainable use of these wastes in 

construction. The construction industry can 

make a significant impact in this area by 

incorporating these waste materials in 

construction, especially the non-decaying ones. 

One of the approaches is the use of alternative 

materials such as solid waste materials and by-

products as building materials in the 

construction industry.  

To date, reinforced concrete is still the most 

widely used construction and building material 

and is produced more than any other man-made 

material. Annual production represents one ton 

for every person on the planet. It is incredibly 

versatile, and is used in almost all major 

construction projects (Armanath & 

Ramachandrudu, 2012). The production of 

reinforced concrete consumes a great quantity 

of natural resources, making it an obligation to 

take on engineering practices that focus on the 

conservation of non-renewable resources, as 

well as energy. Researchers have been 

formulating novel technologies that offer a 

sustainable approach in the construction 

industry. Hence, large amounts of many 

industrial, domestic and agricultural wastes are 

recycled as substitutes for cement, aggregate or 

steel in reinforced concrete. One such 

alternative is coconut shell (CS), which is one 

of the most common agricultural solid wastes in 

many tropical countries. Another one is the 

coconut fibre (coir), which can be used as 

reinforcement in reinforced concrete (Yalley 

and Kwan, 2008). 

Anju et al. (2014) noted that coconut shell and 

coir are natural materials, which are abundantly 

available in tropical regions. They added that, 

in Nigeria, coconut shells are available in large 

quantities in the southern part, mostly along the 

coast. Coconut shells are similar in chemical 

composition to hardwood. They concluded that 

coconut shell has good durability 

characteristics, high toughness, strength, 

modulus and abrasion resistant properties and 

thus, qualifies as a partial replacement for 

coarse aggregates in concrete, when crushed 

into smaller sizes, with an approximate density 

of 1.60 g/cm3.  

Wastes generated by industrial and agricultural 

processes have created disposal and 

management problems, which pose serious 

challenges to efforts towards environmental 

conservation. Worldwide, 12,280 hectares of 

land are cultivated for coconut trees from which 

64.3 billion nuts are harvested, an equivalent 

mass of 62.8 billion tons (Bello et al., 2016). 

According to them, coconut fibre and shell 

occupy 15 and 45%, respectively of the total 

weight of the coconut fruit, implying that 

approximately 6 and 19 million tons of coconut 

fibre and shell, respectively are discarded 

globally every year. They then noted that a 

considerable amount of coconut shells and 

fibres remain in the environment as wastes. 

Therefore, utilization of these materials for 

construction will be an important step to 

improve sustainability and eco-friendly 

construction. In addition, it will help to produce 

lightweight and economically profitable 

materials in the construction field.  

Today, steel reinforcement is still very 

expensive, and comes from a non-renewable 

resource with high energy consumption. 

Normally, each cubic metre of concrete 

structure requires an average of 200 kg of steel 

rebar. Sahoo and Rampogal (2016) reported 

that in Europe, the construction and building 

industries are responsible for the depletion of 

large amounts of non-renewable resources, and 

for 30% of carbon dioxide gas emissions. They 
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also noted that reinforced concrete has a high 

permeability that allows water and other 

aggressive elements to penetrate, leading to 

carbonation and chloride ion attack resulting in 

corrosion problems. As a matter of fact, the 

corrosion of steel rebar in concrete is the main 

reason for civil engineering infrastructure 

deterioration. This calls for the development of 

new materials to replace steel rebar as 

reinforcement of concrete to achieve a 

sustainable construction. Thus, researchers 

began investigating the suitability of natural 

fibres as alternatives to steel rebar. Aziz et al. 

(1984) noted that coconut fibre is used in 

concrete because it has the highest toughness 

among natural fibres. The use of cost-effective 

natural fibres (that is, coconut fibres) as 

building materials is a good step to achieve a 

sustainable construction because resources and 

energy consumption can be reduced remarkably 

without causing health and damaging 

ecosystems. 

Coconut fibres are extracted from the outer 

shell of a coconut. There are two types of 

coconut fibres: brown fibres extracted from 

matured coconuts, and white fibres extracted 

from tender coconuts. Brown fibres are thick, 

strong and have high abrasion resistance, and 

are the commonly used type in construction. 

The advantages of coconut fibres are that: they 

are moth-proof, fungi and rot resistant, provide 

excellent insulation against temperature and 

sound, not easily combustible, unaffected by 

moisture and dampness, tough, durable, 

resilient, springs back to shape even after 

constant use, totally static free and easy to clean 

(Uwubanmwen et al., 2011).  

According to Tara and Reddy (2011), coconut 

fibres are strong and light, and can easily 

withstand heat and salt water. Coir is an 

abundant, versatile, renewable, cheap, and 

biodegradable lignocellulosic fibre used for 

making a wide variety of products. Coir has 

also been tested as filler or reinforcement in 

different composite materials. Leman et al. 

(2017) studied the comparative cost analysis 

and strength characteristics of concrete 

produced using crushed, granular coconut and 

palm kernel shells as substitutes for 

conventional coarse aggregates in gradation of 

0. 25, 50, 75 and 100% at mix ratios of 1:1:2 

and 1:2:4. They noted that the compressive 

strength of concrete decreased with increase in 

the percentage of the shells for the two mix 

ratios. They, however observed that concrete 

made from coconut shells exhibited higher 

compressive strength than that from palm 

kernel shell in the two mix proportions, and that 

cost reductions of 30 and 42% were recorded 

for concrete produced from coconut shell and 

palm kernel shell, respectively. Olanipekun and 

Kolapo (2006) investigated the compressive 

strength and workability of concrete produced 

with CS as compared with conventional 

concrete. Their results show that the 

workability of CS concrete at 0 and 5% CS 

content is medium, while that at 10% CS 

content is low. They, however, noted that at all 

CS contents, the compressive strength of CS 

concrete is lower than that of conventional 

concrete. Yusuf and Jimoh (2015), in their 

study, noted that palm kernel shell, a 

lightweight aggregate, is suitable for the 

production of grade 20 lightweight concrete at 

1:11/2:3 and richer nominal mixes, and water 

cement (w/c) ratio of 0.5 at 28 days. This study, 

therefore, aims at determining the effect of 

coconut fibre on the strength characteristics of 

coconut shell concrete produced by 

replacement of coarse aggregate with coconut 

shell and use of coconut fibre as reinforcement 

in the concrete. The objectives are to 

characterize the coconut shell as a coarse 

aggregate in concrete works and produce 
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coconut shell concrete (CSC) with 0, 20, 40, 

60, 80 and 100% proportions of coconut shell 

replacement; determine the density, 

compressive strength and tensile strength of 

various proportions of CSC at 1:11/2:3 nominal 

 mix, and w/c ratio of 0.5 at 28 days; determine 

the compressive strength and tensile strength of 

the CSC and fibre-reinforced CSC; and hence 

comment on the results.  

 

 

2. MATERIALS AND METHODS 

 
 

2.1. Materials 

 

Coconut shells and dry coconut husks were 

obtained from a local trader in Ilorin. Coconut 

shells were crushed and the sieved through 20 

mm opening to assume the gradation of coarse 

aggregates, while coconut fibres were extracted 

by removing the hard backs of the coconut 

husks. The resulting fibres were then separated 

into strands, while shorter fibres were removed. 

Other materials used are cement, sharp sand 

and granite. Figures 1 and 2 show the coconut 

shell and the coconut fibre, respectively.                          

 

     
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Coconut shell (before and after crushing) 

 

 
 

Figure 2: Coconut fibre and stands 

2.2. Methods 

 

The resulting coconut shells were characterized 

as coarse aggregates by determining the 

physical properties of sieve analysis, specific 

gravity, water absorption, bulk density, 

aggregate impact value and aggregate crushing 

value in accordance with BS 812:Part 112 

(1990), BS 812:Part 113 (1990) and BS 

812:Part 2 (1995). A total of 18 samples of 

CSC cubes of size 150 x 150 x 150 were then 

produced by replacing conventional coarse 

aggregates with coconut shells in the proportion 

0, 20, 40, 60, 80 and 100%. These were cured 

and tested to determine the 28th day 

compressive strength and tensile strength, 

respectively. Another 72-100 x 200 mm 

samples of fibre-reinforced coconut concrete 

with 1, 2, 3 and 4% (by weight of cement) 

coconut fibre were produced, cured and tested 
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after 28 days to re-determine the compressive 

strength and tensile strength. The results of 

coconut shell concrete in the two cases were 

then compared. 

 

3. RESULTS AND DISCUSSIONS

 
3.1. Results 

The particle size distribution for coconut shell 

is presented graphically in Figure 3. The 

physical properties of coconut shell and 

coconut fibre are presented in Tables 1 and 2 

respectively, while the characterization of 

coconut shell aggregate is shown in Table 3.

       

 
Figure 3: Particle size distribution curve of coconut shell 

 

The particle size distribution of coconut shell 

compares well with the distribution of 

conventional aggregate particles between the 

available sieve sizes as shown in Figure 3. The 

curve shows that coconut shell is well-graded 

as the particles of the shell are well distributed 

among the sieves.  

 
Table 1: Physical Properties of Coconut Shell 

Property Value 

Water absorption capacity (%) 15.17 

Specific gravity 1.47 

Fineness modulus 3.19 

Aggregate impact value (%) 0.487 

Aggregate crushing value (%) 1.45 

Bulk density (kg/m3) 702.10  
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Table 2: Physical Properties of Coconut Fibrel 

Property Value 

Length (mm) 65 

Diameter (mm) 0.073 

Tensile Strength (N/mm2) 150 

Specific Gravity 1.13 

Elongation (%) 14.5 

Moisture Content (%) 25.5 
 

Table 3: Evaluation of Coconut Shell as Coarse Aggregate 

Property *Coconut 

shell 

**Specification 

for normal 

weight 

aggregate 

***Specification 

for lightweight 

aggregate 

(LWC) 

Remarks 

Specific gravity 1.47 2.6 – 2.9 < 2.6 Suitable for 

LWC 

Water absorption (%) 15.17 ≤ 5 5 – 25  Suitable for 

LWC 

Fineness modulus  2.19 - 2.3 – 3.1% Suitable for 

LWC 

Aggregate impact (%) 

value 

0.49 <45 <10 Suitable for  

NWC and 

LWC 

Aggregate crushing 

value (%) 

1.45 Surface 

wearing:  ≤ 

30%  

Others: ≥ 35% 

<12 Suitable for 

LWC 

Bulk density (kg/m3) 702.10  2000 – 2400  < 800  Suitable for 

LWC 

Source: *Laboratory test results; ** & *** BS 812:Part 112 (1990), BS 812:Part 113 (1990) 

and BS 812:Part 2 (1995) 

 

From Table 2, the specific gravity and bulk 

density of coconut shell were found to be 1.47 

and 702.1 kg/m3, respectively. The specific 

gravity of coconut shell falls below the range of 

2.6–2.9, specified for normal weight aggregates 

and less than the maximum value of 1.6 

specified for lightweight aggregates as shown 

in Table 3. Hence, coconut shell can be 

classified as lightweight aggregate.  The water 

absorption capacity of the coconut shells was 

found to be 15.17%, which was allowed for in 

the calculation of the total water requirement of 

each concrete mix. The absorption capacity is a 

measure of the porosity of an aggregate. Since 

the water absorption capacity of coconut shell 

is high as compared to that of normal weight 
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aggregate, it can be concluded that the coconut 

shells absorb a reasonable amount of the 

mixing water during concrete production. The 

absorption value of coconut shell is within the 

range of 5–25%, specified for lightweight 

aggregates, which further confirms that coconut 

shell is a lightweight aggregate.  

The test results of Table 2 indicated that the 

crushing value for coconut shell is as low as  

1.45%, which implies that concrete made with 

coconut shell possessed a high degree of 

resistance to wear, and can be thus used in the 

production of concrete intended for floors and 

pavements expected to be subjected to heavy 

human traffic. Also, the aggregate impact value 

of 0.487% was obtained for coconut shell 

implying that concrete made with coconut shell 

with low impact value will perform better under 

the application of sudden or impact load. The 

physical properties of coconut shell were found 

to conform to specifications for lightweight 

aggregates as presented in Table 3, further 

confirming that coconut shell is a lightweight 

aggregate suitable for the production of 

lightweight concrete. 

Tables 4, 5 and 6 show the 28th day density, 

compressive strength and tensile strength 

results, respectively for coconut shell concrete 

and fibre-reinforced coconut shell concrete. 

The variation in the compressive strength and 

tensile strength with proportion of fibre in the 

coconut shell concrete are presented graphically 

in Figures 4 and 5, respectively.  

 
 

Table 4: Density of Fibre-Reinforced Coconut Shell Concrete at 28 days 

Proportion of 

Coconut Shell (%) 

Density (kg/m3) 

0% Fibre 1% Fibre 2% Fibre 3% Fibre 4% Fibre 

0 1431 1568 1785 1943 1981 

20 1343 1432 1605 1885 1945 

40 1297 1378 1525 1805 1865 

60 1230 1285 1483 1625 1708 

80 1181 1242 1365 1504 1645 

100 1126 1195 1286 1432 1155 

 

 
Table 5: Compressive Strength of Fibre-Reinforced Coconut Shell Concrete at 28 days 

Proportion of 

Coconut Shell (%) 

Compressive Strength (N/mm2) 

0% Fibre 1% Fibre 2% Fibre 3% Fibre 4% Fibre 

0 18.82 18.95 20.04 20.56 20.81 

20 18.45 18.86 19.25 19.64 20.02 

40 18.12 18.51 18.94 19.06 19.65 

60 17.84 18.19 18.45 18.75 19.05 

80 17.56 17.75 18.05 18.47 18.75 

100 16.74 17.38 17.68 18.01 18.42 
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Table 6: Tensile Strength of Fibre-Reinforced Coconut Shell Concrete at 28 days 

Proportion of 

Coconut Shell (%) 

Tensile Strength (N/mm2) 

0% Fibre 1% Fibre 2% Fibre 3% Fibre 4% Fibre 

0 2.14 2.23 2.35 2.48 2.56 

20 2.01 2.05 2.15 2.36 2.44 

40 1.55 1.68 1.86 2.08 2.16 

60 1.52 1.54 1.73 1.85 2.04 

80 1.12 1.36 1.52 1.62 1.91 

100 1.02 1.18 1.20 1.43 1.72 

 

 

 
 

 

https://www.bayerojet.com/


  ISSN: 2449 – 0539  

 BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.16 No.1, JAN, 2021 PP 52-61 

 

Also available online at https://www.bayerojet.com             60 

 

 

 

The 28-day density, compressive strength and 

tensile strength results for coconut shell 

concrete and fibre-reinforced coconut shell 

concrete are shown in Tables 4-6, respectively. 

The density, compressive strength and tensile 

strength of the coconut shell concrete (that is, 

the control concrete at 0% fibre inclusion) 

decreased with increasing proportions of 

coconut shell. Figures 4 and 5 present the 

variation of compressive strength and tensile 

strength, respectively with coconut fibre 

proportion. For each proportion of coconut 

fibre, the compressive strength and tensile 

strength of coconut shell concrete increased 

with increase in the proportion of coconut fibre. 

This implies that coconut fibre serves as as 

good reinforcement in coconut shell concrete. 

In addition, for each proportion of coconut 

fibre, the strength properties of coconut shell 

concrete decreased with increase in the 

proportion of coconut shell. 

 

 

4. CONCLUSIONS  

 

From the outcome of the study, the following 

conclusions were drawn: 

(i) The physical properties of coconut shell 

were found to conform with specifications 

for lightweight aggregates, confirming that 

it is a lightweight aggregate suitable for the 

production of lightweight concrete. 

(ii) The density, compressive strength and 

tensile strength of coconut shell concrete 

decreased with increase in coconut shell 

proportion. 

(iii) However, the strength properties of 

coconut shell concrete increased with 

increase in the proportion of coconut fibre, 

which implies that coconut fibre serves as a 

good reinforcement in coconut shell 

concrete. 

(iv) For each proportion of coconut fibre, the 

strength properties of coconut shell concrete 

also decreased with increase in the 

proportion of coconut shell. 

(v) The highest strength properties of coconut 

shell concrete, for all proportions of 

coconut shell, were obtained at 4% 

proportion of coconut fibre. 
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