
IJSRD - International Journal for Scientific Research & Development| Vol. 4, Issue 12, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 852 

Effect of Coconut Husk on the Properties of Concrete 

Ajay Kumar Sharma1 Susheel kumar Gupta2 
1Resident Engineer 2Research Scholar 

1ITL 2Swami Vivekanadnd University, Sagar (M.P.)

Abstract— Concrete is the premier construction material 

around the world and is most widely used in all types of 

construction works, including infrastructure, low and high-

rise buildings, and domestic developments. It is a man-made 

product, essentially consisting of a mixture of cement, 

aggregates, water and admixture(s). Inert granular materials 

such as sand, crushed stone or gravel form the major part of 

the aggregates. Traditionally aggregates have been readily 

available at economic prices and of qualities to suit all 

purposes. But, the continued extensive extraction use of 

aggregates from natural resources has been questioned 

because of the depletion of quality primary aggregates and 

greater awareness of environmental protection. In light of 

this, the non-availability of natural resources to future 

generations has also been realized. Different alternative waste 

materials and industrial by products such as fly ash, bottom 

ash, recycled aggregates, foundry sand, china clay sand, 

crumb rubber, glass were replaced with natural aggregate and 

investigated properties of the concretes. Apart from above 

mentioned waste materials and industrial by products, few 

studies identified that coconut shells, the agricultural by 

product can also be used as aggregate in concrete. Thus, the 

aim of this work is to provide more data on the strengths of 

coconut shell concretes at different coconut shells (CS) 

replacements and study the transport properties of concrete 

with coconut shells as coarse aggregate replacement. The 

concrete obtained using coconut shell aggregates satisfies the 

minimum requirements of concrete. Concrete using coconut 

shell aggregates resulted in acceptable strength required for 

structural concrete. Coconut shell may offer itself as a coarse 

aggregate as well as a potential construction material in the 

field of construction industries and this would solve the 

environmental problem of reducing the generation of solid 

wastes simultaneously. The coconut shell cement composite 

is compatible and no pre-treatment is required. Coconut shell 

concrete has better workability because of the smooth surface 

on one side of the shells. The impact resistance of coconut 

shell concrete is high when compared with conventional 

concrete. 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 coconut shells as long as it is not in a free sugar 

form, will not affect the setting and strength of concrete. 
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I. 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. 

A. 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. 

 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. 

B. Coconut Shell as Aggregate: 

 Coconut shell particles are used as reinforcing material 

for investigation. Shell particles of size between 20 mm 

– 600μ are prepared in grinding machine.  
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 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) 

 

II.  MATERIALS USED 

The materials employed in this experiment were regionally 

accessible and these were normal hydraulic cement (O.P.C), 

sand as fine mixture, crushed granite and coconut shell each 

as coarse mixture. Potable water was used for combination 

and natural action. 

A. Physical Properties of Cement: 

Portland cements area unit commonly characterized by their 

physical properties for control functions. Their physical 

properties is accustomed classify and compare Portland 

cements. The challenge in property characterization is to 

develop physical tests that may satisfactorily characterize key 

parameters- Setting Time, Soundness, Fineness and Strength. 

B. Fine Aggregate: 

Sand conformist to Zone-III was used because the fine 

mixture, as per I.S 383-1970. The sand was air dried and free 

from any foreign material, sooner than combination. The sand 

that was regionally accessible and spending through 4.75mm 

IS sieve is employed. The precise gravity of fine mixture 

regionally accessible stream sand conformist to Grading zone 

I of IS: 383 –1970.Clean and dry stream sand accessible 

regionally are going to be used. Sand passing through IS 

4.75mm Sieve are going to be used for casting all the 

specimen. Fine mixture is outlined as material which will 

pass a No.4 sieve and can, for the foremost half, be preserved 

on a No. 200 sieve. For exaggerated workability and for 

economy as mirrored by use of less cement, the fine mixture 

ought to have a rounded form. The aim of the fine mixture is 

to fill the voids within the coarse mixture and to act as a 

workability agent. 

C. Coarse Aggregate: 

Aggregates usually occupy 70 to 80 % of the amount of 

concrete and should therefore be expected to have a vital 

influence on its properties. They’re granular materials, 

derived for the foremost half from natural rock (crushed stone 

or natural gravels) and sands, though artificial materials like 

scoria and expanded clay or sedimentary rock square measure 

accustomed some extent, principally in light-weight 

concretes. Additionally to their use as economical filler, 

aggregates typically offer concrete with higher dimensional 

stability and wear resistance. Mixture classifications are 

created chiefly for the aim of easier identification of specific 

mixture tons, or to become conversant in the various kinds of 

aggregates. 

D. Coconut Shell Aggregate: 

The coconut shells are obtained from an area coconut field. 

These are sun dried before being crushed manually. Coconuts 

show a large diversity in size, weight, form and color, looking 

on genetic selection and maturity of the nut at harvest. The 

particle sizes of the coconut shell vary from 5 to 20 

millimeter. The surface texture of the shell was fairly sleek 

on dished and rough on gibbous faces. The absorption of 

water within the concrete won't have an effect on its strength 

since lesser voids will be fashioned. Moisture retaining and 

water absorbing capacity of Coconut Shell are additional 

compared to traditional mixture.  

E. Water: 

Water to be employed in the concrete work ought to have 

following properties: It ought to be free from injurious 

quantity of oil, acids, alkalis or alternative organic or 

inorganic impurities. It ought to be free from iron, substance 

or alternative any sort of substances, that are doubtless to own 

adverse have an effect on concrete or reinforcement. It ought 

to be quite satisfactory for drinking purpose that is employed 

in combining of concrete. 

III. TEST PROGRAM  

The main objective of the current investigation was to check 

the performance of CS concretes in terms of strength and 

transport properties with traditional water hardening and with 

no chemical admixtures within the mixes. Performance of the 

concretes was assessed through: compressive strength, split 

durability, water absorption and action. The specimens were 

tested for compression and split tensile strengths at 1, 7 and 

28 days. The strengths were obtained by considering the 

average of two replicate specimens. However, if the variation 

of any individual value from the average was greater than 10 

%, a third specimen was tested. Absorption and sorption tests 

were conducted at 28 days of curing.  

A. Compressive strength studies: 

The compressive loading tests on concretes were conducted 

on a compression testing machine of capability 2000 kN. For 

the compressive strength check, a loading rate of 2.5 kN/s 

was applied as per IS: 516–1959. The test was conducted on 

150 mm cube specimens at 1, 7 and 28 days.  

The determination of the compressive strength of 

concrete is extremely vital as a result of the compressive 

strength is that the criterion of its quality. Alternative strength 

is mostly prescribed in terms of compressive strength. The 

strength is expressed in N/mm2. this system is applicable to 

the making of preliminary compression tests to ascertain the 

suitability of the accessible materials or to examine 

applicable mix proportions. The concrete to be taken a look 

ated shouldn't have the nominal most size of mixture over 

20mm test specimens square measure either 15cm cubes or 

15cm diameter used. A minimum of 3 specimens ought to be 

created accessible for testing.  
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Fig. 3: Compression Testing Machine 

B. Split Tensile Strength: 

Split tensile strength test was conducted in accordance with 

ASTM C496. Cylinders of 100 x 200 mm size were used for 

this test; the specimens were placed between 2 platens with 2 

items of three millimeter thick and just about twenty five 

millimeter wide laminate strips on the highest and bottom of 

the specimens. The split durability was conducted on an 

equivalent machine on that the compressive strength check 

was performed. The specimens were tested for 1, 7 and 28 

days.  

The size of cylinders 300 mm length and 150 mm 

diameter are placed within the machine such load is applied 

on the other facet of the cubes are casted. Align fastidiously 

and cargo is applied, until the specimen breaks. The formula 

used for calculation. 

Split tensile strength = 2P/ μdl 

 
Fig. 4: Split Tensile Strength 

C. Permeable voids and water absorption studies: 

An absorption study was conducted to understand the relative 

porosity permeable void space of the concretes, in according 

to ASTM C 642-82. The absorption and permeable voids tests 

were conducted on two 150 mm cubes. Saturated surface dry 

specimens were kept in a hot air oven at 105 oC until a 

constant weight was attained. The ratio of the difference 

between the mass of saturated surface dry specimen and the 

mass of the oven dried specimen at 105oC to the volume of 

the specimen gives the permeable voids in percentage as:  

Permeable voids = (A-B)/V*100  

where A is the weight of surface dried saturated sample after 

28 days immersion period.  

B is the weight of oven dried sample in air.  

V is the volume of sample.  

The specimens removed from the oven were allowed 

to cool to room temperature. These specimens were then 

completely immersed in water and weight gain was measured 

until a constant weight was reached. The absorption at 30 min 

(initial surface absorption) and final absorption (at a point 

when the difference between two consecutive weights was 

almost negligible) were reported to assess the concrete 

quality. The final absorption for all the concretes was 

observed to be at 72 h.  

D. Sorption test: 

The sorption test was conducted on the concretes in order to 

characterize the rate of moisture migration of water into the 

concrete pores. One hundred fifty millimetre cube specimens 

were marked on all four sides at 10 mm interval to measure 

the moisture migration. As explained in the water absorption 

test, the specimens were oven-dried. They were then allowed 

to cool down to the room temperature. After cooling, the 

cubes were placed in water on the wedge supports to make 

sure that only the bottom surface of the specimens was in 

contact with the water. A cotton cloth was covered on top of 

the wedge supports to ensure the specimens are in contact 

with water throughout the test period. Moisture rise in the 

cubes was measured through the weight gain of the specimen 

ate the regular intervals. The sorption of the concretes was 

thus calculated using linear regression between the weight 

gain of specimen per unit area of concrete surface in contact 

with water and square root of time for the suction periods. 

IV. RESULTS AND DISCUSSION  

A comprehensive summary of the strength 

properties of normal and CS concretes are presented 

properties of normal and CS replaced concretes. 

A. Properties of fresh concrete:  

Visual observations during mixing and compaction of all the 

concretes suggested that the concretes were homogeneous; 

there was no segregation and bleeding, the mixes were 

compactable. The fresh state performance of the CS concretes 

was comparable with control concrete. The concretes had low 

slump the slump values of the concretes were between 20-

26mm. The slump decreased with increase in CS percentage. 

The decreased workability of CS concretes may be due to CS 

particle shape. Flat shaped CS particles could have restricted 

overall movement of the aggregate particles and thus reduced 

workability. The densities of fresh concretes were also tested. 

Decreased densities of CS concretes could be attributed to 

direct consequence of specific gravities of the materials. The 

specific gravity of normal aggregate was around 2.6, whereas, 

specific gravity of CS shells was 1.33.  

B. Compressive strength: 

The compressive strengths of all the concretes for 1, 7 and 28 

days of curing, strength of all the concretes increased with 

curing age. Control concrete gained over its 28 day 

compressive strength at one day and 7 days of curing 

respectively. Strength of the CS concretes increased at one 

day and after 7 days of curing than its corresponding 28 day 

strengths respectively. This observation suggests that as CS 

percentage increased the 7 day strength gain also increased 

with corresponding 28 day curing strength. This may be due 

to lack of sufficient bond between the particles. As the first 7 

days of curing, majority of the compressive strength of the 
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concretes depends on paste strength. However, at later age, 

the strength of concrete depends on strength of the paste, 

strength of the aggregate and bond strength between the 

aggregate particles and cement paste.  

C. Split tensile strength: 

Split tensile strength of all the concretes investigated. 

Concretes could not achieve even 0.5MPa at one day. The 

split tensile strengths of the concretes were between 0.8 - 1.4 

MPa at 7 days of curing. The control concrete of its 28 day 

split tensile strength. The CS concretes had higher strength 

enhancement than control concrete at 7 days of curing when 

compared to corresponding demoulded strength.  

D. Permeable voids and water absorption: 

Permeable voids of the concretes can be seen the permeable 

voids increased with increase in CS replacement. 

Relationship between permeable voids and CS replacement 

was examined. There was good relationship between the 

parameters, permeable voids increased with increase in CS 

replacement. As strength of the concrete is also depends on 

pore structure, a relationship between permeable voids and 

strength was examined; there was good relationship between 

the two parameters as compressive strength increased 

permeable voids decreased. The absorption in 30 min (initial 

surface absorption) and the absorption after 72 h (final 

absorption) for the concretes are presented. The final 

absorption at the end of 72 h for these concretes also followed 

a similar trend. Initial and final absorptions of control 

concrete were lower than all the remaining concretes. 

Although there was little difference of initial water absorption 

between CS concretes, the final absorptions of the concretes 

were nearly same for all the CS concretes. 

E. Sorptivity – Capillary Water Absorption: 

Sorptivity of the concretes was between 0.12-0.18 mm/s0.5. 

The lowest sorptivity was for control concrete and the highest 

sorptivity was for M5 concrete. Similar to water absorption, 

sorptivity also increased with CS replacement. 

V. CONCLUSIONS  

Results of experiments on compressive strength, split tensile 

strength, water absorption and sorption for different CS 

replaced concretes have been presented with those of control 

concrete. The data shows the CS aggregate can be used 

inplace of normal aggregate, however, performance of CS 

aggregate concrete is little lower than normal aggregate 

concrete.  

The main points of this study are:  

1) Addition of CS decreases workability as cement 

replacement or aggregate replacement increases 

workability of CS concrete. Increase in CS percentage 

decreased densities of the concretes.  

2) With CS percentage increase the 7 day strength gain also 

increased with corresponding 28 day curing strength. 

However, the overall strength decreased with CS 

replacement when compared to control concrete.  

3) Similar to compressive strength, the split tensile strength 

also decreased with increase in CS replacement. 

Furthermore, for 28 days of curing reduced overall split 

tensile strength of CS concrete addition as aggregate 

replacement showed no major difference with 

corresponding CS replaced concrete. 

4) The results demonstrated that, irrespective of CS 

percentage replacement there was good relationship 

between compressive strength and split tensile strength. 

The equation proposed for normal concrete was over 

predicting at lower strengths for CS concretes.  

5) Increase in CS replacement permeable voids also 

increased. With 10% CS replacement the permeable 

were 30 percent higher than control concrete. 

6) The absorption characteristics show that the initial 30 

min absorption values for all the concretes were lower 

than limits commonly associated with good quality 

concrete.  

7) Sorptivity of the concretes was higher than control 

concrete for all CS concretes. The maximum sorption 

was 0.18mm/s0.5 for the concrete having 20% CS as 

cement replacement.  
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