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ABSTRACT 
The prices of building materials are rising day by day and the rising cost of construction building materials plays a vital role 

in construction industry. The coarse aggregates are one of the main ingredients of concrete. Recently an increasing attraction has been 

paid by several researchers to find alternate applications for such materials in civil engineering. In the present study an attempt has been 

made to study the effect of coconut shell in concrete, as an alternative low cost material in construction industry for the partial 

replacement of coarse aggregate in concrete. The coconut shells used in the present study are collected from different S.V. Agricultural 

University, Tirupati. In order to determine the engineering properties for both normal concrete and coconut shell concrete, different 

laboratory tests like specific gravity, Water absorption, and Crushing strength etc. are being conducted at 7, 14 and 28 days on the 

collected samples and the basic properties are thus determined as per IS codes 456:2000 and IS 10262:2009. The obtained results reveal 

that the significant increase in different percentages of coconut shell increases the Compressive strength value when compared to normal 

concrete. Hence, the coconut shell can be used as a partial replacement and also full replacement for the coarse aggregate in concrete 

based on the type of construction purpose. The present investigation is carried out on implementation of coconut shell in concrete 

successfully. Hence, in general bulk uses of coconut shell as lightweight aggregate are found in many construction applications such as 

buildings, saving in energy, reduction in land fill cost, and protecting environment from pollution effect for the sustainable development 

of construction industry. 
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INTRODUCTION 

The high cost of construction materials like cement and reinforcement bars, has led to increased cost of construction and the 

other hand it increases the pollution associated with cement production, has necessitated a search for an alternative binder which can be 

used sorely or in partial replacement of cement in concrete production. Therefore, it is lightweight aggregate and it reduces the material 

cost in construction because of the low cost and abundant agricultural waste. In general it can be used in rural areas and may also be 

used where the conventional aggregates are costly where coconut is abundant. It is structural lightweight concrete which are more  

suitable  as  low  strength-giving  lightweight aggregate  when  used  to  replace  common  coarse aggregate in concrete production. 

However, there are local raw materials which can facially or fully replace these costly conventional materials. Hence numerous 

researches have been conducted on this regard to explore areas of sustainable development, cost reduction and perhaps durability. The 

use of coconut shell as coarse aggregate in concrete has never been a usual practice among the average citizens, particularly in areas 

where light weight concrete is required for non-load bearing walls, non-structural floors, and strip footings. 

MATERIALS AND METHODS 

The coconut shells are obtained from a local coconut field. They are sun dried before being crushed manually. Coconuts show 

a wide diversity in size, weight, shape and color, depending on genetic variety and maturity of the nut at harvest. The particle sizes of 

the coconut shell range from 5 to 20 mm. The surface texture of the shell was fairly smooth on concave and rough on convex faces. The 

absorption of water in the concrete will not affect its strength since lesser voids can be formed. Moisture retaining and water absorbing 

capacity of Coconut Shell are more compared to conventional aggregate. The amount of cement content may be more when Coconut 

Shell are used as an aggregate in the production of concrete compared to conventional aggregate concrete. The presence of sugar in the 

CS as long as it is not in a free sugar form, will not affect the setting and strength of concrete.  

The present study requires preliminary investigations in a systematic manner: 

 Selection of type of grade of mix, mix design by an appropriate method, trial mixes, final mix proportions. 

 Estimating total quantity of concrete required for the whole project work. 

 Estimating quantity of cement, fine aggregate, coarse aggregate, coconut shells required for the project work. 

 Testing of properties of cement, fine aggregate, coarse aggregate and coconut shells. 

 Preparing the concrete cubes with coconut shells and gravel. 

 Testing those cubes in compression testing machine. 

The technique adopted for this study was batching by volume, using a standard mould of 150x150x150 mm for casting the cubes. 

The mould was assembled prior to mixing and properly lubricated for easy removal of hardened concrete cubes, which were prepared 

by volume of 0 or 100 percent for granite and coconut shell of the 1:1:2 mix ratio. The mixture was properly turned with shovel until it 

reached a plastic state and slump test was carried to find the W/C ratio of mix and then it was fed into the lubricated cast iron mould, 

water curing method was adopted. The moulded concrete cubes were given 24hrs to set before de-moulding. They were then immerse 

into a curing tank in order to increase the strength of the concrete, promote hydration, eliminate shrinkage, and absorb heat of hydration 

until the age of test. The cubes were cured for 3, 7, 14 and 28days. 

The cubes were then weighted before testing, while densities of the cubes at different times of testing were measured. Prior to 

testing, the specimen were brought out of the curing tank, left outside in an open air for about 3hrs before crushing. The compressive 

strength of the cubes were tested in accordance with BS 1881, using universal crushing machine Mix Design (IS 10292:1982)   
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     The mix design for M25 grade concrete was done as recommended in IS 10262-1982 and according to IS 10262-1982 the following 

data was required for concrete mix design. 

1. Characteristic compressive strength at 28 days is 25 N/mm2 

2. Cement used is PPC (fly ash based) 

3. According to IS 1489 : 1991(part 1) 

4. Fineness - 300m2/kg 

5. Compressive strength of 28 days – 33MPa 

6. Initial setting time (min.) – 30 min. 

7. Final setting time (max.) – 10hrs. 

8. Soundness according to LeChatelier method –  10mm. 

9. Coarse Aggregate - Crushed coconut shell aggregate of size between 12.5mm to 20 mm in length and 2-8mm thickness          

10. Specific gravity- 1.26 

11. Fine aggregate River sand was used as the fine aggregate conforming to grading  zone II as per IS 383:1970 [159]. 

12. Specific gravity- 2.29 

13. Maximum free water cement ratio 0.45 for gravel and 0.4 for coconut shells. 

14. Workability corresponding to compaction factor 80mm slump. 

15. Admixture No admixture added. 

RESULTS AND DISCUSSIONS 

Tables.1 presents the result of the compressive strength test on 150x150mm2 cubes cured in water for various mix proportions 

TABLE 1: SUMMARY OF RESULT WITH MIX RATIO 1:1:2 OF GRAVEL 

Sl.no Age of curing 

(days) 

Crushing load (kN) Crushing strength (N/mm2) 

    1     3   430  19.1 

    2     7   520  23.1 

    3     14   600  26.6 

    4     28   650  28.8 

 

Mass density of cubes was 2346,2374,2364,2358 kg/m3at 3,7,14 and 28 days. By testing of these cubes we got the compressive 

strengths as 19.1, 23.1, 26.6, 28.8 N/mm2. 

 

TABLE 2: SUMMARY OF RESULT WITH MIX RATIO 1:1:2 OF COCONUT SHELLS 

Sample ID Age of curing 

(days) 

Crushing load 

(kN) 

Crushing Strength (N/mm2) 

     1     3  260  11.5 

     2     7  310  13.7 

     3    14  405  18 

     4    28              460  20.4 

 

Summary of mix ratio 1:1:2 of coconut shells are presented in Table.2 and  Comparison of Normal concrete with coconut shell 

concrete are tabulated in Table.3. Mass density of cubes was 1623, 1900, 1917 ,1911 kg/m3at 3,7,14 and 28 days By testing of those 

cubes we got the compressive strengths as 11.5, 13.7, 18, 20.4 N/mm2 . The results, showed a significant differences between the three 

different intervals and showed similar trend in 5 daily stream flows. Comparisons of compressive strength of normal and coconut shell 

concrete at different intervals are shown in figure.1.  From the result it is observed that the manufacture sand can be used as partial 

replacement for fine aggregate which will reduce the cost and also the shortage of natural resources. Hence the partial replacement of 

both fine aggregate manufacturing and coarse aggregate with coconut shell. One of the reasons may be due to the presence of 

inconsistent modulus fiber the split tensile strength also increases with the partial replacement of aggregates. 

 

TABLE 3. COMPARISON OF NORMAL CONCRETE WITH COCONUT SHELL CONCRETE 

 

 

 

Sl. 

No 

Age of Curing 

(days) 

Crushing Strength of Normal concrete 

(N/mm2) 

Crushing Strength of Coconut shell concrete 

(N/mm2) 

1 3 19.1 11.5 

2 7 23.1 13.7 

3 14 26.6 18 

4 28 28.8 20.4 
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Figure.1.Comparisons of compressive strength of normal and coconut shell concrete 

CONCLUSION 

Coconut shells can be used as full replacement of crushed granite or other conventional aggregates in concrete construction. 

There is no need to treat the coconut shell before use as an aggregate except for water absorption. It was observed that coconut shell 

concrete is showing 65% of compressive strength to that of normal concrete. The 28-days air-dry densities of coconut shell aggregate 

concrete are less than 2000 kg/m3. The possibility exists for the partial replacement of coarse aggregate with coconut shell to produce 

lightweight concrete. Coconut shell exhibits more resistance against crushing, impact and abrasion when compare to normal concrete. 

From this study we can conclude that coconut shell can be used instead of crushed granite for light weight structures. Hence, the present 

study is only at the initial stage and it requires more study to explore coconut shells as coarse aggregates in concrete  
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