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ABSTRACT 
Properties of concrete with coconut shells (CS) as aggregate replacement were studied. Control concrete with normal aggregate 
and CS concrete with 0 - 20% coarse aggregate replacement with CS were made. Two mixes with CS and fly ash were also 
made to investigate fly ash effect on CS replaced concretes. Constant water to cementious ratio of 0.6 was maintained for all 
the concretes. Properties like compressive strength, split tensile strength, water absorption and moisture migration were 
investigated in the laboratory. The results showed that, density of the concretes decreases with increase in CS percent. 
Workability decreased with increase in CS replacement. Compressive and split tensile strengths of CS concretes were lower 
than control concrete. Permeable voids, absorption and sorption were higher for CS replaced concretes than control concrete. 
Coarse aggregate replacement with equivalent weight of fly ash had no influence when compared with properties of 
corresponding CS replaced concrete .The high cost of conventional building materials is a major factor affecting housing 
delivery in the world. This has necessitated research into alternative materials of construction. In this study, coconut shell is 
used as light weight aggregate in concrete. The properties of coconut shell and coconut shell aggregate concrete is examined 
and the use of coconut shell aggregate in construction is tested. The project paper aims at analyzing flexural and compressive 
strength characteristics of with partial replacement using M25 grade concrete. The project also aims to show that Coconut shell 
aggregate is a potential construction material and simultaneously reduces the environment problem of solid..Beams are casted, 
tested and their physical and mechanical properties are determined. The main objective is to encourage the use of these 
„seemingly„ waste products as construction materials in low-cost housing. 
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1. INTRODUCTION 
Concrete is world’s most widely used construction material. The utilization of concrete is increasing at a higher rate 
due to development in infrastructure and construction activities all around the world. However there are some negative 
impacts of more production of concrete like continuous extensive extraction of aggregate from natural resources will 
lead to its depletion and ecological imbalance. Researchers are in search of replacing coarse aggregate to make concrete 
less expensive and to lead sustainable development. This environmental reason has generated a lot of concern in the 
construction world. The use of sugarcane bagasse, wooden chips, plastic waste, textile waste, polyethylene, rice husk 
ash, rubber tyres, vegetable fibers, paper and pulp industry waste, groundnut shell, waste glass, broken bricks are some 
examples of replacing aggregates in concrete. Coconut shell is categorized as light weight aggregate. The coconut shell 
when dried contains cellulose, lignin, pentosans and ash in varying percentage. In Asia, the construction industry is yet 
to realize the advantages of light weight concrete in high rise buildings. Coconut shells are not commonly used in 
construction industry and are often dumped as agricultural waste. The aim of this research is to spread awareness of 
using coconut shell as partial replacement of coarse aggregate in concrete and determining its compressive strength and 
density. Until now, Industrial by products and domestic wastes has been utilized in concrete, but the use of agricultural 
waste in concrete is in its infancy stage. Coconut shell is an agricultural waste. The materials are proportioned by their 
weights. The water cement ratio is obtained by conducting various workability tests. The obtained results are compared 
with that of conventional mix. Tests are as per the specified procedure of Indian Standard Codes. 
1.1 Concrete 
 Versatility of making concrete with locally available materials, ease in moulding it into any shape and size and 

economy in its making has made concrete the 2nd largest consumed material on earth.  
 Far more concrete is produced 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. Aggregates are used in concrete for 

very specific purposes.  
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 Aggregates typically make up about 60 % to 75 % of the volume of a concrete mixture, and as they are the least 
expensive of the materials used in concrete, the economic impact is significant.  80 % of buildings CO2 emissions 
are generated not by the production of the materials used in its construction, but in the electric utilities of the 
building over its life-cycle.  

 Compared to other comparable building materials, concrete is less costly to produce and remains extremely 
affordable.  

 
1.2.1 Coconut Shell As Aggregate  
 Coconut shell particles are used as reinforcing material for investigation. Shell particles of size between 20 mm – 600 
μ are prepared in grinding machine. Coconut shell aggregates are potential candidates for the development of new 
composites because of their high strength and modulus properties. An approximate value of coconut shell density is 
1.60 g/cm3.(Fig.1 & Fig.2) 

 

2. METHODOLOGY 
Figure.3 shows the Methodology adopted in this study 

 
Figure.3 Methodology flow chart 

3. MATERIALS AND METHODS 
The materials used in this experiment were locally available and these were Ordinary Portland Cement (O.P.C), sand as 
fine aggregate, crushed granite and coconut shell both as coarse aggregate. Potable water was used for mixing and 
curing. 
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3.1 Cement 
Ordinary Portland cement 43 grade was used conforming to IS 8112 – 1989 and physical property was given below: 
 
3.1.1 Physical Properties Of Cement 
Portland cements are commonly characterized by their physical properties for quality control purposes. Their physical 
properties can be used to classify and compare Portland cements. The challenge in physical property characterization is 
to develop physical tests that can satisfactorily characterize key parameters- Setting Time, Soundness, Fineness, 
Strength . 
 
3.2 Fine Aggregate 
Sand conforming to Zone-III was used as the fine aggregate, as per I.S 383-1970. The sand was air dried and free from 
any foreign material, earlier than mixing. The sand which was locally available and passing through 4.75mm IS sieve 
is used. The specific gravity of fine aggregate was 2.60. Locally available river sand conforming to Grading zone I of 
IS: 383 –1970.Clean and dry river sand available locally will be used. Sand passing through IS 4.75mm Sieve will be 
used for casting all the specimens. Fine   aggregate   is defined as material that will pass a No. 4 sieve and will, for the 
most part, be retained on a No. 200 sieve. For increased workability and for economy as reflected by use of less cement, 
the fine aggregate should have a rounded shape. The purpose of the fine aggregate is to fill the voids in the coarse 
aggregate and to act as a workability agent.(Figure.4) 

 
 
3.3 Coarse Aggregate 
Aggregates generally occupy 70 to 80 percent of the volume of concrete and can therefore be expected to have an 
important influence on its properties. They are granular materials, derived for the most part from natural rock (crushed 
stone or natural gravels) and sands, although synthetic materials such as slag and expanded clay or shale are used to 
some extent, mostly in lightweight concretes. In addition to their use as economical filler, aggregates generally provide 
concrete with better dimensional stability and wear resistance. Aggregate classifications are made principally for the 
purpose of easier identification of particular aggregate lots, or to become familiar with the different types of aggregates. 
There are numerous ways of classifying aggregates. (Figure.5). 
These classifications are made according to source of aggregate, specific gravity or unit weight of aggregate, size of 
aggregate particles, shape of aggregates, surface texture of aggregates, mode of preparation of aggregates, geological 
origin of aggregates, and mineral composition of aggregates and reactivity of aggregates. Aggregates are not generally 
classified by mineralogy; the simplest and most useful classifications are on the basis of source and specific gravity. 
There are three main reasons for mixing aggregate with cement paste to form concrete rather than using cement paste 
alone. The first and oldest reason is that aggregate is cheaper than cement, so its use extends the mix and reduces costs. 
Second, aggregate reduces shrinkage and creep, giving better volume stability. Third, aggregate gives greater durability 
to concrete. Many deterioration processes principally affect the cement paste. There are clear economic and technical 
reasons for using as much aggregate and as little cement as possible in a concrete mix. Aggregate is the main 
constituent of concrete and the properties of aggregate influence the properties of concrete. Consistency of particle size 
distribution is important to the properties of fresh concrete. There is a more minor influence on the hardened concrete 
properties.  
 
3.4 Coconut Shell Aggregate 
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. (Figure 6) 
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Figure 6  Coconut Shells 

 
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.  

 
Physical properties of coconut shell given in Table 1. 

 
Table 1 Physical Property Of Coconut Shell 

 

S.NO PHYSICAL PROPERTY TEST 
RESULT 

1.  Maximum Size (mm) 20 

2.  Fineness modulus 6.48 

3.  Specific Gravity 1.56 

4.  Bulk Density(kg/m3) 510-600 

5.  Water Absorption (%) 23 

6.  Aggregate Crushing Value (%) 2.49 

7.  Aggregate Impact Value (%) 8.55 

8.  Moisture Content (%) 4.2 

9.  Shell Thickness(mm) 3-6 

 
3.5 Water  
Water to be used in the concrete work should have following properties: It should be free from injurious amount of oil, 
acids, alkalis or other organic or inorganic impurities. It should be free from iron, vegetable matter or other any type of 
substances, which are likely to have adverse affect on concrete or reinforcement. It should be quite satisfactory for 
drinking purpose which is used in mixing of concrete. 

4. COCONUT SHELL 
4.1 General Description 
Coconuts are referred to as "man's most useful trees", "king of the tropical flora" and "tree of life". Coconuts or its 
scientific name cocos nucifera are the most important of cultivated palms and the most widely distributed of all palms. 
Coconut is a tall cylindrical-stalked palm tree, reaching 30 m in height and 60-70 Cm in diameter. It is a tropical plant 
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for low altitudes. It needs sunshine and a soil rich in calcium and phosphorus, and is thus generally suitable for 
cultivation in sandy seashore. 
The most important part of the tree is its fruit, which is egg-shaped, about 30 cm long, and 25 cm in diameter. The 
more external layer of the fruit is thin and smooth; its fibrous mesocarp is 3-5 cm thick, and the endocarp is very hard. 
The fruit has a large central cavity, which contains a sweet liquid (coconut water). The number of fruits per trees 
varies, depending entirely on soil conditions. It is possible to get from 20 up to 600 fruits per year. The leaf stalk 
encircles the trunk and supports the weight of the bunch of nuts. The cluster of nuts weights 30-50 Ib when green and 
the 20-ft long leaf weight 20-25 lb. The fruit is oval in shape, and in the husk is about the six of a football. The fruit 
consists of 4 parts: about 35% husk, 12% shell, 28% meat and 25% water. 

 
4.2 Characteristic And Chemical Composition 
The weight of shells varies with nuts of tall palms over the normal range of size, but average about 255 of the husked 
nuts. Although the lignin content is higher and the cellulose content is lower, coconut shells are similar in chemical 
composition to hard woods. There has been a general impression that since the shells burn in such a characteristics 
way, there are likely to contain oily or resinous substances. Actually this is a not so they contain little or no oily and 
resinous matter.  
The ash from burned shells contains a fair amount of potash though less than in the ash of the husk. Calculated on the 
dry basis, coconut shell contain approximately the following percentage: cellulose 33.61; lignin 36.51; pentosans 29.27 
and ash 0.61. the percentage composition of coconut shell ash is approximately as follows: K20, 45.01; Na20, 15.42; 
CaO, 6.26; MgO, 1.32; Fe203 + Ab03, 1.39; P20s, 4.64; S03, 5.75 and SiO, 4.64.(Figure.7) 
The moisture content of coconut shells show considerable variation according condition and maturity. Air dried mature 
shells, under average conditions may be reckoned to contain 6-9% of moisture, and thus retain less moisture than most 
woods, which contain 10-25% on the dry basis. 

 

 
Figure 7  Flowchart Of Actual Lab Work 

 
The crushed granite and quarry dust were used as coarse aggregate and fine aggregate respectively. The workability 
was reduced when using quarry dust as it absorb high content of water. It showed that the use of crushed granite and 
quarry dust as an aggregates increase concrete compressive strength when replaced as an aggregate. 
 
4.3 Properties Of Coconut Shell  
 Coconut shell has high strength and modulus properties.  
 It has added advantage of high lignin content. High lignin content makes the composites more weather resistant.  
 It has low cellulose content due to which it absorb less moisture as compare to other agriculture waste.  
 Coconuts being naturally available in nature and since its shells are non-biodegradable; they can be used readily in 

concrete which may fulfil almost all the qualities of the original form of concrete.  
 

4.4 Coconut Shell As A Alternative Coarse Aggregate  
In view of thrust on energy saving and sustainable development, the use of alternative constituents of natural resources 
and the search of suitable alternative to conventional construction material is now a global concern. To make use of 
alternative aggregate in concrete which is coconut shell has never been a common practice among the people, 
particularly in areas where light weight concrete is required for non load bearing walls and non structural floors.  
Concrete obtained using coconut shell as a coarse aggregate satisfies the minimum requirements of concrete. Coconut 
shell aggregate resulted acceptable strength which is required for structural concrete. 
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Coconut shell may present itself as a potential material in the field of construction industries. The coconut shell is 
compatible with cement and no need to pre-treatment for using it as coarse aggregate. Because of the smooth surface on 
one side of the shells concrete made with coconut shell presents better workability. Coconut shell concrete shows good 
impact resistance. As compared to conventional aggregate water absorbing and moisture retaining capacity of coconut 
shell is more. The presence of sugar in the coconut shell, does not affect the setting and strength of concrete because it 
is not in a free sugar form.  

5. MIX DESIGN 
5.1 Definition 
Mix design is the process of selecting suitable ingredient if concrete and determines their relative proportions with the 
object of certain minimum strength and durability as economically as possible. 

 
5.2 Objective Of Mix Design 
 The objective of concrete mix design as follows. 
 The first objective is to achieve the stipulated minimum strength. 
 The second objective is to make the concrete in the most economical Manner. Cost wise all concrete’s depends 

primarily on two factors, namely cost of material and cost of labor. Labor cost, by way of formwork, batching, 
mixing, transporting and curing is namely same for good concrete. 

 
5.3 Factors To Be Considered In Mix Design 

1. Grade of concrete 
2. Type of cement 
3. Type & size of aggregate 
4. Type of mixing & curing 
5. Water /cement ratio 
6. Degree of workability 
7. Density of concrete 
8. Air content 

6.TEST PROGRAM 
6.1 Compression Test On Concrete Cubes 
The determination of the compressive strength of concrete is very important because the compressive strength is the 
criterion of its quality. Other strength is generally prescribed in terms of compressive strength. The strength is 
expressed in N/mm2. This method is applicable to the making of preliminary compression tests to ascertain the 
suitability of the available materials or to determine suitable mix proportions. The concrete to be tested should not have 
the nominal maximum size of aggregate more than 20mm test specimens are either 15cm cubes or 15cm diameter used. 
At least three specimens should be made available for testing. Where every cylinder is used for compressive strength 
results the cube strength can be calculated as under (Figure.8). 
 

 
Figure 8 Compression Test 

 
Minimum cylinder compressive strength = 0.8 x compressive strength cube (10 cm x 10 cm) The concrete specimens 
are generally tested at ages 7 days and 28 days. 
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6.2 Split Tensile Test 
The size of cylinders 300 mm length and 150 mm diameter  are placed in the machine such that load is applied on the 
opposite side of the cubes are casted. Align carefully and load is applied, till the specimen breaks. The formula used for 
calculation.(Figure.9). 
                                                   Split tensile strength = 2P/ µdl  
 

 
Figure 9 Split Tensile Test 

 
The tensile strength is one of the basic and important properties of the concrete. The concrete is not usually expected to 
resist the direct tension because of its low tensile strength and brittle nature. However, the determination of tensile 
strength of concrete is necessary to determine the load at which the concrete members may crack. The cracking is a 
form of tension failure. Apart from the flexure test the other methods to determine the tensile strength of concrete can 
be broadly classified as (a) direct methods, and (b) indirect methods. The direct method suffers from a number of 
difficulties related to holding the specimen properly in the testing machine without introducing stress concentration, 
and to the application of uniaxial tensile load which is free from eccentricity to the specimen. As the concrete is weak 
in tension even a small eccentricity of load will induce combined bending and axial force condition and the concrete 
fails at the apparent tensile stress other than the tensile strength. (Figure.8). As there are many difficulties associated 
with the direct tension test, a number of indirect methods have been developed to determine the tensile strength. In 
these tests in general a compressive force is applied to a concrete specimen in such a way that the specimen fails due to 
tensile stresses developed in the specimen. The tensile stress at which the failure occurs is termed the tensile strength of 
concrete. The splitting tests are well known indirect tests used for determining the tensile strength of concrete 
sometimes referred to as split tensile strength of concrete. The test consists of applying a compressive line load along 
the opposite generators of a concrete cylinder placed with its axis horizontal between the compressive platens. Due to 
the compression loading a fairly uniform tensile stress is developed over nearly 2/3 of the loaded diameter as obtained 
from an elastic analysis. The magnitude of this tensile stress Osp (acting in a direction perpendicular to the line of 
action of applied loading) is given by the formula (IS : 5816-1970): 

 
Osp = 2P = 0.637 P/dl 

The ratio of the split tensile strength to cylinder strength not only varies with the grade of the concrete but is also 
dependent on the age of concrete. 

7  TEST RESULT 
7.1 Test Result At Age Of 7 Days 
7.1.1 Compressive Strength Of Cube  
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Table 4 Compressive Test For Cube 28 Days 
 

 
 
 
 
 
 
 
 
 
7.1.2 Split Tensile Test For Cylinder 
 

 
 

 
 
7.1.3 Density Of Coconut Shell Concrete (Kgm-3) 

 

 
 

 
 

Control 
Mix 

 
 Compressive Strength in N/mm2   28 Days 
 

CC 
(0%) 

 
5% 

 
10% 

 
15% 

 
20% 

 
M25 

 
20.3

0 

 
19.60 

 
18.84 

 
18.62 

 
18.46 
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8. CONCLUSION 
From the experimental results and discussion, the combination of coconut shell potential as lightweight aggregate in 
concrete. Also, using the combination of coconut shell as aggregate in concrete can reduce the material cost in 
construction because of the low cost and abundant agricultural waste. By using different Coconut Shell content of 5%, 
10%, 15% & 20%, the Optimum Stability of the Coconut Shell Mix is found out. It is observed from the graph that the 
Stability value increases with increase in bitumen content and the decreases gradually which helps us to find out the 
performance of different fillers used in Coconut Shell mix (%). From the graph, it is found that  
 

1. Production of Sustainable Light-weight concrete is attained. 
2. Carbon Emission observed during aggregate manufacturing is considerably reduced varying from 6%-9% in 50:50 

replacements since the quantity of aggregates used is certainly lessened. Overall cost reduction of the construction 
is observed.  

3. Increase in percentage replacement by coconut shell increases workability of concrete. 
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