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ABSTRACT 

The rising cost of construction material is a matter 

of concern. The reason for an increase in cost is the 

high demand for concrete and the scarcity of raw 

materials. Hence the concrete technologists must 

search for some economical alternative to the coarse 

aggregate. Here we make use of coconut shell as a 

partial substitute to coarse aggregate and made 

sand. In this study, M25 Grade of concrete was 

produced by partially replacing of cement will be 

replaced by GGBS by 30%, 50%, and 70% and 

river sand will be replaced by M-Sand and also 

coarse aggregate will be replaced by coconut shell 

0%, 5%, 10%, and 15%. Cubes, cylinders, and 

prisms were cast and their compressive strength, 

Split tensile strength and flexural strength was 

evaluated at 7, 14, and 28 days. The compressive 

strength of concrete reduced as the percentage 

replacement increased. It can be replaced up to 

15%. With the increase in the replacement of 

coconut shell the slump value increases, which 

lead to an increase in workability. Its utilization 

is cost-effective and eco-friendly.  
 

KEYWORDS: Cement, GGBS, Coconut Shell and 
Made Sand Compressive Strength, Split Tensile 

Strength and Flexural Strength. 

 

1. INTRODUCTION 

The constituents used in concrete led to the depletion of 

natural resources for hundreds of years. To maintain a 

balanced environment everything needs to be reused 
and recycled. Also, the addition of waste materials into 

concrete can provide a way for a sustainable 

environment. Though concrete cannot be neglected 
from human life it can be altered to save our 

environment. Nowadays, research works are going on, 

to incorporate waste materials into concrete. In this 
research, a step was taken to include agricultural waste 

coconut shell as coarse aggregate, iron industry waste 

ground granulated blast furnace slag as a pozzolan, and 

manufactured sand as an alternate for river sand into 

concrete. Also, the characteristics of coconut shell 

concrete were studied. 
 

The Ordinary Portland Cement (OPC) is one of the 

main ingredients used for the production of concrete 
and has no alternative in the civil construction industry. 

Unfortunately, production of cement involves emission 

of large amounts of carbon-dioxide gas into the 

atmosphere, a major contributor for green house effect 
and the global warming, hence it is inevitable either to 

search for another material or partly replace it by some 

other material. The search for any such material, which 
can be used as an alternative or as a supplementary for 

cement should lead to global sustainable development 

and lowest possible environmental impact. 
 

Concrete is a relatively brittle material, when subjected 

to normal stresses and impact loads. Tensile strength of 

concrete is approximately one tenth of its compressive 
strength. As a result of these characteristics, plain 

concrete members could not support loads and tensile 

stresses that occurred on concrete beams and slabs. 
Concrete members are reinforced with continuous 

reinforcing bars to withstand tensile stresses and 

compensate for the lack of ductility and strength. The 
addition of steel reinforcement significantly increases 

the strength of concrete, and results in concrete with 

homogenous tensile properties; however the 

development of micro cracks in concrete structures 
must be checked. The introduction of fibers is generally 

taken as a solution to develop concrete in view of 

enhancing its flexural and tensile strength. 
 

Concrete shrinks when it is subjected to a drying 

environment. The extent of shrinkage depends on many 

factors, including the properties of materials, 
temperature and relative humidity of the environment, 

and the size of the structure. If concrete is restrained 

from shrinkage, tensile stresses develop and concrete 
may crack. Cracking due to restrained plastic shrinkage 
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can be of critical concern in concrete construction such 
as highway pavements, slab cast on grade, and floors 

for parking garages. Nowadays lake of natural 

sand,Manufactured sand (M-sand) finds its way into the 
construction industry which is manufactured by 

breaking the rock deposits into well-graded form. It is 

angular and rougher than weathered river sand. The 

sharp edges in M-sand provide a better bond with 
cement than river sand. 

Now a day the construction industry turning towards 

pre-cast elements and requirement of post-tensioning 
has made the requirement of the high strength of 

concrete invariable and the engineers had to overcome 

these drawbacks, which to a great extent we have been 

able to do. The construction today is to achieve savings 
in construction work. This has now turned into one of 

the basic requirement of concreting process. 

 

 2.  COCONUT SHELL IN CONCRETE 

Coconut shell (CS) is a naturally available organic 

lightweight aggregate that is utilized as a coarse 

aggregate. CS is an organic waste from agriculture, 

available abundantly in tropical regions like Asia, 

America, and Africa and being used successfully to 

produce low strength lightweight concrete .A 

coconut tree is known as the tree of life as every 

part and derivative of it is useful to mankind. A 

coconut tree is grown in around 92 countries in the 

world. 
ADVANTAGES  OF COCONUT SHELL 

 Use of coconut shell  help to resolve the problem of 
shortage of conventional material such as coarse 

aggregate.  

 Useful for low cost housing and partition wall.  

 Place where availability of coconut shell is in 

abundance.  

 Coconut shells are more resistant towards crushing, 

impact and abrasion.  

 Water proofing in rooftops, sunken toilets etc. 

 Interior works and decorative works etc.  

 Producing economic concrete by reducing the cost 
of material. 

 

 3.  SCOPE AND OBJECTIVE 

The main objective of the present work is to develop  
structural  concrete using coconut shell  (CS) as coarse 
aggregate, manufactured  sand  (M-sand)  as  fine  

aggregate, and  ground  granulated  blast furnace slag 

(GGBFS) as pozzolan. 
  

4.  SCOPE OF PROPOSAL WORK 

 Evaluate  the  mechanical  properties  of  coconut  

shell  concrete  (CSC)  like compressive  
strength,  modulus  of  rupture,  split  tensile  

strength,  modulus  of elasticity, Poisson’s ratio, 

fracture toughness, and stress-strain behavior. 

 To evaluate the flexure, shear, and compressive 

behavior of reinforced CSC. 

 To find the bond strength between CSC and steel. 

 To assess the durability properties like water 
absorption, the volume of permeable pores, 
sorptivity, and temperature resistance of CSC. 

5. METHODOLOGY 

 Tested the material properties as per IS code 
procedures. 

 Mix design for concrete proportion was arrived at 
as per IS- 10262- 1982. 

 The properties of fresh concrete were determined 
as per IS- 1199- 1959. 

 The concrete specimens were casted and cured as 
per IS procedures. 

 Tests were conducted on hardened concrete to 

determine various strength parameters. 

 Various durability tests were conducted as per 
standard codes. 

 Finally results were compared with conventional 
concrete and partial replacement concrete mixed 

with coconut shell and other materials and 

conclusions were arrived at. 
 

6.  LITERATURE REVIEW 

In recent decades there is a trust in finding how the 

concrete can be improved not only strength wise but in 
every aspect. Many researchers have been done in this 

area and many have proved the positive effects of using 

coconut shell and ggbs in concrete. Given below is an 
over view of studies done in this area and how it has 

affected various parameters of concrete. 

 

Divya Krishnan K. P.T.Ravichandran1 and V. K. 

Gandhimathi2 conventional concrete M30 grade 

concrete mix was designed with Ground Granulated 

Blast Furnace Slag (GGBS) to cement and Copper slag 
(CS) to fine aggregate as a partial replacement. The 

Compressive strength, split tensile and flexural strength 

variation for concrete mix with GGBS (0%, 10%, 20%, 
and 30%) and fine aggregate with varying percentage of 

Copper slag (0%, 10%, 20%, 30%, and 40%) are 

determined at various curing periods such as 7 and 28 

days. From the experimental test results, it is observed 
that the 28th-day compressive strength, the split tensile 

strength, and flexural strength of concrete up to 30% 

partial replacement of GGBS for cement along with 
30% copper slag as fine aggregate give almost better 
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results while compared with conventional concrete 
strength. Thus the alternate material for fine aggregate 

and cement by the partial replacement with Copper slag 

and GBBS improves the strength characteristic and it 
safeguards the environment by utilizing waste properly 

and reduces its disposal problems. 

 

Dilip Yadav, K. Gunasekaran : An experimental 
investigation was done to study the durability properties 

of granite powder (GP) as a partial replacement for 

ordinary Portland cement (OPC) in conventional 
concrete (CC) and coconut shell concrete (CSC). An 

optimized percentage of GP is done to derive the 

maximum benefits out of it. For the optimized 

percentage of partial replacement of granite powder for 
OPC, its durability properties are water absorption, 

sorptivity, rapid chloride penetration test (RCPT), and 

volume of permeable voids (VPV) tests were conducted 
after curing for 3, 7, 28days. The experimental results 

outcomes demonstrated that the durability properties of 

granite powder dust used as cement replacement in 
concrete, performed like traditional one and coconut 

shell concrete are comparable to that of other 

conventional lightweight concretes. It was found that 

10% of granite powder can be replaced for OPC as an 
optimum of producing better concrete properties both in 

CC and CSC. 

 
Shubhash Kumar1, Jyoti Yadav2 investigation gives 

a point-by-point assessment of the utilization of the 

coconut shell into basic concrete and used to somewhat 
supplant the coarse totals with the coconut shell in the 

development of streets, to limit the utilization of regular 

aggregates. The tests that have been done to this extend 

have considered 7 days and 28 days the compressive 
quality of solid utilizing coconut shell for unbending 

asphalts and different tests are performed for adaptable 

asphalt with fractional substitution of 5%, 10%, 15%, 
20%, and 25%. The tests which are performed for the 

adaptable asphalt are the Los scraped area test which is 

utilized for deciding the hardness of a total, sway test 

which is utilized for deciding the durability of a total, 
and the devastating quality test which are utilized to 

check the devastating quality of a total.  
 

Ravi Patil, Gunasheela P
1
, Khamrulislam M

2
 

Nalband,
3
 Mahesh Kumar S

4 the concrete 

technologists must search for some economical 
alternative to the coarse aggregate. Here we make use 

of coconut shell as a partial substitute to coarse 

aggregate. In this study, M20 grade of concrete was 

produced by partially replacing Coarse Aggregate with 
coconut shell. Cubes were cast and their compressive 

strength and split tensile strength were evaluated at 7, 

28, and 56 days by replacing coarse aggregate with 
coconut shell at 10%, 20%, and 30%. The compressive 

strength of concrete reduced as the percentage 

replacement increased. It can be replaced up to 20%. 
With the increase in the replacement of coconut shell 

the slump value increase, which leads to an increase in 

workability. Its utilization is cost-effective and eco-

friendly.
 

  

RamaiahPrakash,RajagopalThenmozhi,Sudharshan 

N. Raman, Chidambaram Subramanian, and 

Nagarajan Divyah An investigation of key mechanical 

and durability properties of coconut shell concrete with 

partial replacement of fly ash This study investigated 
the effect of adding fly ash on the mechanical and 

durability characteristics of coconut shell (CS) 

concrete. Two different mixes were developed, one 
with CS and the other with conventional aggregate and 

CS as coarse aggregate. Cement was replaced with 

Class F fly ash in terms of weight at 0, 10, 20, and 30% 

in both mixes. The test result showed that the CS 
concrete with a 10% fly ash replacement level exhibited 

the highest compressive and tensile strength. The 

addition of fly ash decreased the porosity of CS 
concrete due to its fineness and increased hydration 

products in the matrix at later ages. Additionally, it also 

improved the weak aggregate interfacial transition 

zone of CS lightweight concrete. Thus, the fly ash 

addition in CS concrete showed lower values of 

water absorption, permeable voids, sorptivity, and 

chloride permeability. Furthermore, the increasing 

content of fly ash addition improved the durability 

characteristics of CS concrete considerably. 
 

Ajim S Shaikh
1
, Sagar B Thorat

2
, Rahul V Unde

3
, 

Prasad S Shirse
4
 Advance Concrete-Aggregate 

replaced by Coconut Shell In this Project, there was 

much experimental work conducted to improve the 

properties of the concrete by putting new materials, 
whether it is natural materials or recycle materials or 

synthetic materials in the concrete mix. There was 

much experimental work conducted to improve the 

properties of the concrete by putting new materials, 
whether it is natural materials or recycle materials, or 

synthetic materials in the concrete mix. The additional 

material can be replacing the aggregate, cement, or just 
as an additive is a natural material. A large amount of 

agricultural waste was disposed of in most of the 

tropical countries especially in Asia. Coconut shell is 
hard and does not deteriorate easily once bound in 

concrete and therefore, it does not contaminate or leach 

to produce toxic substances. 

Nikku Sharma, Prof. C.R. Sharma Experimental 
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Study on Characteristic Strength of Concrete by Partial 
Replacement of Coarse Aggregate by Coconut Shell 

and Fine Aggregate by Stone Dust Today, it is 

becoming difficult to find the natural resources due to 
their high excited exploitation and the disposal of waste 

materials is also a great problem. By keeping these two 

factors in mind, Coconut shell and stone dust are used 

in this experiment which has many benefits like 
reduction in the overall cost of construction and 

protection of the environment. The main objective of 

this experiment is to use the coconut shell and stone 
Dust in the replacement of coarse aggregate and fine 

aggregate in concrete to make it economical. In this 

project I firstly prepared concrete by the replacement of 

coarse aggregate by coconut shell by 7.5%,15%, 20%, 
and 25% and then keeping 7.5% of coconut shell 

constant in concrete then fine aggregate was replaced 

with stone dust by10%, 20%, 30%, and 40%. The 
proportion used in this study is 1:1.66:2.97 and water-

cement ratio of 0.48 for M25 Grade concrete. Cubes, 

cylinders, and Beams were cast and their compressive, 
tensile and flexural strength were evaluated at 7 and 28 

days and these results are compared with the 

conventional concrete. It is observed that as we increase 

the percentage of coconut shell in concrete the various 
above physical strength reduces and on increasing the 

percentage of stone dust strength increases. Keywords: 

civil engineering, construction material, coconut shell, 
stone dust, compressive strength, tensile strength, 

economical, waste materials, sustainability. 

 
Ms.S.Supriya, Ms.P.Padmapriya Experimental 

Investigation on Concrete with Replacement of 

Coconut Shell as a Fine Aggregate The economy of the 

structure is affected by the high cost of conventional 
construction material. With increasing concern over the 

excessive exploitation of natural aggregates, synthetic 

lightweight aggregate produced from environmental 
waste is a viable new source of structural aggregate 

material. The uses of structural grade lightweight 

concrete reduce considerably the self-load of a structure 

and permit larger precast units to be handled. Recently 
in the environmental issues, restrictions of local and 

natural access or sources and disposal of waste material 

are gaining great importance. 

 

YashidaNadir1 SujathaA2 experimental 

investigation was carried out to study the durability 

properties of Coconut Shell (CS) aggregate 

concrete. Effect of mineral admixtures such as fly 

ash and ground granulated blast furnace slag 

(GGBFS) as partial replacement of cement on 

durability properties of CS aggregate concrete was 

also verified. Specimens were cast and tested for 

durability characteristics such as water absorption, 

the volume of pore voids, sorptivity, bulk 

diffusion, rapid chloride penetration, abrasion 

resistance, and chemical attack tests. Four concrete 

mixes were considered for the study. Control mix, 

mix with18.5% coarse aggregate replaced by CS 

by weight, mix with 18.5% CS and 30% cement 

replaced by fly ash, and mix with 18.5% CS and 

15% cement replaced by GGBFS. Test results 

showed that the durability properties of all the 

mixes were comparable to normal concrete and 

some durability properties were enhanced by the 

addition of mineral admixtures. 
 

7. MATERIALS USED AND THEIR PROPERTIES 

Various materials used for the experimental study are 

the following: 
 

GGBS: 

Ground granulated blast furnace slag (GGBS) is a by-

product of the blast furnaces used to make iron. Blast-
furnaces are fed with a controlled mixture of iron-ore, 

coke, and limestone, and operated at a temperature of 

about 1,500°C. When iron-ore, coke, and limestone 
melt in the blast furnace, two products are produced-

molten iron and molten slag. The molten slag is lighter 

and floats on the top of the molten iron. The molten 
slag comprises mostly silicates and alumina from the 

original iron ore, combined with some oxides from the 

limestone. The process of granulating the slag involves 

cooling molten slag through high-pressure water jets. 
This rapidly quenches the slag and forms granular 

particles generally not bigger than 5 mm. The rapid 

cooling prevents the formation of larger crystals, and 
the resulting granular material comprises around 95% 

non-crystalline calcium-aluminosilicates. The 

granulated slag is further processed by drying and then 
grinding in a rotating ball mill to a very fine powder, 

which is GGBS. 

 

                 
         

Fig-1 GGBS 
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COCONUT SHELL: 
Coconut shell is categorized as light weight aggregate. 

The coconut shell when dried  contains cellulose, lignin 

and ash in varying percentage. The purpose of this 
research is to disseminate awareness of using coconut 

shell as partial replacement of coarse aggregate in 

concrete. Crushed coconut shells are suitable when it is 

used as substitute for conventional aggregates in 
lightweight concrete production. 

Table: 1 Composition limits of coconut shell 

 

S.No        Properties CoconutShell 

   1 Loose air dried bulk 

density 

  692 kg/m
3
 

   2 Moisture content    10.33% 

   3 Specific gravity      0.99 

   4 Water absorption (24 

hours) 

   29.60% 

   5 Aggregate crushing value      1.59% 

   6 Aggregate impact value      3.93% 

   7 Fineness modulus       6.3 

 

 

     
               Fig 2 COCONUT SHELL 

CEMENT: 
Cement is a material that has cohesive and adhesive 
properties in the presence of water. Such cements are 

called hydraulic cements. These consist primarily of 

silicates and aluminates of lime obtained from limestone 

and clay. There are different types of cement, out of 
that I have used two types i.e. 

 Ordinary Portland cement 

 Portland slag cement 
Ordinary port land cement (OPC) is the basic Portland 

cement and is best suited for use in general concrete 

construction. It is of three types, 33 grades, 43 grade, 53 
grade. One of the important benefits is the faster rate of 

development of strength. Cement is a fine, grey 
powder. It is mixed with water and materials such as 

sand, gravel, and crushed stone to make concrete. The 

cement and water form a paste that binds the other 
materials together as the concrete hardens. 

The ordinary cement contains two basic ingredients 

namely argillaceous and calcareous. In argillaceous 

materials clay predominates and in calcareous materials 
calcium carbonate predominates. The Basic 

composition of cement is provided in table. In the 

present work 53 grade cement was used for casting 
cubes and cylinders. The cement was uniform color i.e. 

grey with a light greenish shade and was free from any 

hard lumps. 

 

Table: 2 Composition limits of Portland cement 

 

Ingredient Percentage Content 

CaO (Lime) 60 – 67 

SiO2  (Silica) 17 – 25 

Al2O3(Alumina) 3- 8 

Fe2O3 (Iron Oxide) 0.5 – 6 

MgO (Magnesia) 0.1 – 4 

Alkalies 0.4 - 1.3 

Sulphur 1 – 3 

(Reference: Book concrete technology M.S Shetty ) 

 

AGGREGATES: 

Aggregate properties greatly influence the behavior of 

concrete, since they occupy about 80% of the total 
volume of concrete. The aggregate are classified as 

Fine aggregates 

Fine aggregate are material passing through an IS sieve 

that is less than 4.75mm gauge. Usually natural sand is 
used as a fine aggregate at places where natural sand is 

not available crushed stone is used as a fine aggregate. 

The sand used for the experimental works was locally 
procured and conformed to grading zone III. Sieve 

Analysis of the Fine Aggregate was carried out in the 

laboratory as per IS383-1970 and results are provided 
in Table .The sand was first sieved through 4.75mm 

sieve to remove any particle greater than 4.75 mm sieve 

and then was washed to remove the dust. According to 

IS 383:1970 the fine aggregate is being classified in to 
four different zone, that is Zone-I, Zone-II, Zone-III, 

Zone-IV. 

Coarse aggregates 
The materials which are retained on a 4.75mm sieve are 

called coarse aggregate. Coarse aggregate forms the 

main matrix of the concrete. The nature of work decides 
the maximum size of the coarse aggregate. Locally 

available coarse aggregate having the maximum size of 

ISSN NO: 2394-2886

Page No: 55

Suraj Punj Journal For Multidisciplinary Research

Volume 11, Issue 8, 2021



 
 

20 mm was used in the present work. 
Sieve analysis of coarse aggregates used was carried out 

and results are provided in table. 

 

WATER: 

Water is an important ingredient of concrete as it 

actively participates in the chemical reaction with 

cement. Since it helps to form the strength giving 
cement gel, the quantity and quality of water is required 

to be looked into very carefully. Potable water is 

generally considered satisfactory. In the present 
investigation, tap water was used for both mixing and 

curing purposes. 

 

MATERIAL PROPERTIES 

Cement : 

Ordinary Portland Cement of Ultra tech brand of 53 

grade confirming to IS: 12269-1987 was used in the 
present study. The properties of cement are shown 

below: 

           

            Table: 3 Physical properties of cement 

Properties Values 

Specific gravity 3.1 

Normal consistency 32% 

Initial setting 45 mins 

Fineness 5% 

 

Fine Aggregate: 
M sand as per IS: 383-1987 was used. The properties 

are: 

Table: 4 Physical properties of fine aggregates 

 

Characteristics Value 

Type M sand 

Specific gravity 2.72 

Fineness modulus 2.53 

Grading zone II 

 

Coarse Aggregate: 

Crushed aggregate confirming to IS: 383-1987 was 
used. 

        

     Table: 5 Properties of coarse aggregates 

 

Characteristics Value 

Type Crushed 

Specific gravity 2.85 

Maximum size 20mm 

 

Coconut shell: 

.             Table: 6  Properties of coconut shell 

    Characteristics           value 

Type 

 

Crushed 

Specific gravity 

 

0.99 

Water absorption 

 

29.60% 

Fineness modulus 

 

6.3 

GGBS: 

          Table : 7 Physical properties of GGBS 

     Properties  Values  
Specific gravity 2.08 

Absorption capacity 
 

8.30% 

Fineness 

 

>350 kg/m
3
 

Optimum moisture 
content 

20% 

 

8.   EXPERIMENTAL PROGRAMMES 

 

Mix design 

The mix design calculations are dependent on the 

properties of the constituent materials.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. It is defined as the process of selecting 

suitable ingredients of concrete and determining of 

concrete and determining their relative 

propositions with the object of producing concrete 

of certain minimum strength and durability as 

economically as possible. 
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MIX PROPORTION FOR M25 GRADE 

CONCRETE 

There is no standard method of designing concrete 

mixes incorporating. Hence the method of mix 

design proposed by IS 10262 – 1982 was 

employed to design the conventional concrete and 

coconut shell concrete to obtain the mixes. The 

purpose of mix propositioning is to produce the 

required properties in both plastic and hardened 

concrete. 

          Table 8: Mix proportion for M25 

TESTS ON FRESH CONCRETE  

• Compaction Factor Test 
• Sump cone test 

TESTS ON HARDENED CONCRETE: 

• Compressive strength 

• Split tensile strength 
• Flexural strength test 

 

9.  TESTS RESULTS AND DISCUSSIONS 

 

TESTS ON HARDENED CONCRETE  

 
Compressive strength results:  

The compressive strength of concrete is one of the 

most important and useful properties of concrete. 

At least three cubes of 150mm x 150mm x 150mm 

are casted for each age 7,14&28 days.  

 

Table: 9 Compressive strength of cubes 

                           at 7 days 
 

Table: 10 Compressive strength of cubes                                                 

at 14 days 

      Table: 11 Compressive strength of cubes 
 

at 28 days 

        

 

 

   

Fig: 3Effect on compressive strength of concrete 
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22 

0% 5% 10% 15% 

20.97 

21.55 

21.33 
21.42 

21.33 

21.73 

21.42 

21.6 
21.51 

21.77 
21.71 

21.82 

N
/m

m
2

 

7 Days 14 Days 28 Days 

Water Cement 
Fine 

aggregate 

Coarse 

aggregate 

193.44 

Kg/m
3
 

387 

Kg/m
3
 

831 

Kg/m
3
 

1089 

 Kg/m
3
 

0.50 1 2.21 2.67 

% 

GGBS 

% 

M-

SAND 

% 

CSA 

Load 

KN 

Compressive 

Strength 

( N/mm
2
) 

0% 0% 0% 484.00 21.51 

30% 5% 5% 490.00 21.77 

50% 10% 10% 488.50 21.71 

70% 15% 15% 491.00 21.82 

 

% 

GGBS 

% 

M-

SAND 

 

% 

CSA 

 

Load 

  KN 

Compressive 

  Strength 

( N/mm
2
) 

0% 0% 0% 480 21.33 

30% 5% 5% 489 21.73 

50% 10% 10% 482 21.42 

70% 15% 15% 486 21.60 

% 

GGBS 

% 

M 

SAND 

% 

CSA 

Load 

KN 

Compressive 

Strength 

( N/mm
2
) 

0% 0% 0% 472 20.97 

30% 5% 5% 485 21.55 

50% 10% 10% 480.

5 

21.33 

70% 15% 15% 482 21.42 
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 Split Tensile Strength results:  
(Area of cylinder 150mm x 300mm) 

Table: 12  Split tensile Strength 

                         at 7 days 

% 

GGBS 
% 

M-

SAND 

% 

CSA 
Tensile  

Strength 

(N/mm
2
) 

0% 0% 0% 2.10 

30% 5% 5% 1.95 

50% 10% 10% 1.92 

70% 15% 15% 1.60 

 

 Table: 13  Split tensile Strength 

at 14 days 

 

 

 

 

 

Table: 14   Split tensile Strength 

                          at 28 days 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig: 4 Effect on Split tensile strength of concrete 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                   Fig 5 Split tensile test 

 

Flexural Strength results: 

  (Area of flexure  15cm x 15 cm x 70cm)  

 

 Table:15 Flexural Strength at 7 days 
 

 

 

 

 

 

 

  Table 16 Flexural strength at 14 days 

 

 

 

 

 

 

 

  Table 17 Flexural strength at 14 days 

 

% 

GGBS 
% 

M-

SAND 

% 

CSA 
Tensile  

Strength 

(N/mm
2
) 

0% 0% 0% 2.50 

30% 5% 5% 2.40 

50% 10% 10% 2.35 

70% 15% 15% 2.20 

% 

GGBS 
% 

M-

SAND 

% 

CSA 
Tensile  

Strength 

(N/mm
2
) 

0% 0% 0% 2.70 

30% 5% 5% 2.60 

50% 10% 10% 2.57 

70% 15% 15% 2.52 

% 

GGBS 
% 

M-

SAND 

% 

CSA 
Flexural  

Strength 

(N/mm
2
) 

0% 0% 0% 6.82 

30% 5% 5% 6.13 

50% 10% 10% 5.90 

70% 15% 15% 5.79 

% 

GGBS 
% 

M-

SAND 

% 

CSA 
Flexural  

Strength 

(N/mm) 

0% 0% 0% 7.20 

30% 5% 5% 6.90 

50% 10% 10% 6.75 

70% 15% 15% 6.82 

% 

GGBS 
% 

M-

SAND 

% 

CSA 
Flexural  

Strength 

(N/mm) 

0% 0% 0% 7.84 

30% 5% 5% 7.10 

50% 10% 10% 6.88 

70% 15% 15% 7.05  
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            Fig 6  flexural strength of concrete 

  

 
 

                   Fig 7  Flexural strength test   

 

10.NUMERICAL ANALYSIS 

ANSYS is a finite element program. We have used 

ANSYS 2012 in this research to obtain the 

behavior of the tested beams. A graphical user 

interface was used for creating models. The 

different tasks and entries are described here which 

are used to create the finite element model. 

  

ANSYS RESULTS 

Deflection of Various Beams from Numerical 

Analyses 

10.1 Conventional Concrete without Replacement 

of Cement (M1) 

    
 

Fig 8 Conventional Concrete Beam 

Deformation (M1) 

 

       
 

 

           Fig 9 Conventional Concrete Beam Stress 

(M1) 

 

        
        

 

       Fig 10 Conventional Concrete Beam Strain 

(M1) 
10.2 Replacement of Cement With 70% GGBS, 15% of 

M-Sand, and 15% Coconut Shell Aggregate for Coarse 

Aggregate (M3) 

 

       
 

   Fig 11 Conventional Concrete Beam 

Deformation (M3) 

7 Days 
14 Days 

28 Days 

0 

5 

10 

0% 5% 10% 15% 

6.82 6.13 5.9 5.79 
7.2 6.9 6.75 6.82 

7.84 7.1 6.88 7.05 

N
/m

m
2

 
Flexural Strength of 

Concrete  

7 Days 14 Days 28 Days 
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Fig12 Conventional Concrete Beam Stress(M3) 
 

  

    
      

      

 

Fig 13 Conventional Concrete Beam Strain(M3) 

 

11.  CONCLUSIONS 

 Specific gravity and bulk density of m-sand 

are more than the fine aggregate. 

  Specific gravity and bulk density of 

coconut shell are less as compared to the 

natural coarse aggregate.  

 The percentage absorption of water in a 

coconut shell is more as compared to the 

natural and fine aggregate.  

 The slump value of concrete as we increase 

the percentage of coconut shell firstly 

decreases up to 10% and then increases up 

to 15% replacement.  

 The slump value decreases as we increase 

the percentage of m-sand from 10% to 15%  

 The various properties of hardened 

concrete that are compressive strength test, 

flexural strength test and split tensile 

strength test decreases as we increase the 

percentage of coconut shell.  

 Keeping a constant percentage of coconut 

shell as we increased the percentage of m-

sand in the concrete then strength 

properties increases and reach 

approximately to value of conventional 

concrete. 

 Up to 15% of aggregate replaced by 

coconut shell is good according to strength 

and cost-wise.  

 An increase in percentage replacements by 

coconut shells reduced the strength and 

density of concrete.  

 It helps in reducing up to15% pollution in 

the environment.  

 It is concluded that the Coconut Shells are 

more suitable as low strength-giving 

lightweight aggregate when used to replace 

common coarse aggregate in concrete 

production.  

 Trying to replace aggregate with coconut 

shell partially to make the concrete 

structure more economic along with good 

strength criteria.  

 From one cube calculation, the bulk 

amount of shell replacement can be 

evaluated & reduces overall construction 

cost.  

 This can be useful for the construction of a 

low-cost housing society  

 Solves problems of disposal of coconut 

shell.  

 The slump of concrete increases as the 

percentage of coconut shells increases.  

 It leads to sustainable development.  

 Continuous extraction of aggregate from 

rocks will lead to its depletion. 
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