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ABSTRACT
Geopolymer concrete is produced with use of byproduct are the environmentally friendly and positive impact for 
workable growth. This research, by products such as fly ash and ground granulated blast furnace slag (GGBS) 
were utilized as binding material in geopolymer concrete. The main aim of the present study is to replace the 
coarse aggregate by coconut shell and evaluate the mechanical and durability properties of the concrete by 
varying the 10%, 20%, 30%, 40% and 50%. The study results indicates that, 40% use of coconut shell shows the 
high strength behaviour than other variations. In order to evaluate the durability properties, water absorption, 
rate of absorption, acid resistance and sulphate resistance tests was performed. The study results represented 
that, fly ash and GGBS shows the strong binding cementitious material while using coconut shell as coarse 
aggregate. the formation of calcium aluminium silicate hydrate(C-A-S-H) gel and siloxane bonds with coconut 
shell reduce the acid attack and water absorption capacity of the geopolymer concrete.
Keywords: Geopolymer concrete; Coconut shell; Mechanical and durability properties.

1. INTRODUCTION
The beginning of human invention, concrete has possessed huge importance in their life-style. Concrete is a vital 
building material utilized in various infrastructures projects around the world. In fast developing infrastructures 
and construction field, demand of basic constituent of concrete such as cement, aggregates and water resources 
will increasing day by day [1, 2]. Geopolymer is an inorganic material obtained from the result of chemical 
rection between alkalis and aluminosilicate in waste products. In general, geopolymer were used for medical 
applications, high fire resistance coating, high temperature ceramics and new binders for fire resistant fiber 
composites, and as cementing material in concrete. In recent decades, to improve the physical and mechanical 
behaviour of concrete by mixing of various types of aggregates, binder and other chemical substances. In 
other hand, cement is a basic element in manufacturing of concrete and it has an extensive negative impact on 
natural resources. During the manufacturing of cement, huge amount of carbon dioxides (CO2) released into the 
environment. In each ton of cement manufacturing emits, almost one ton of CO2 into environment and consumes 
nearly 1.6 tons of natural resources [3].

The utilization of geopolymer concrete as an option in contrast to the regular Portland cement concrete 
has been found to bring about up to 80% decrease in characterized carbon relying upon the sign and activator 
utilized. A few other life cycle evaluations of geopolymers have demonstrated that geopolymers are feasible 
other options and more huge improvement in the maintainability can be accomplished with the utilization 
of constituents and locally accessible materials. The materials utilized in geopolymer concrete are generally 
byproducts from different modern and rural cycles [4–6]. Geopolymer concrete can be considered all the 
more harmless to the ecosystem and a compelling method for overseeing huge volumes of wastes produced 
by different active industries. The utilization of locally accessible materials, for example, laterite soil as fine 
agrregate can be utilized to work on the supportability of geopolymers. In this manner, the use of geopolymers 
as a reasonable option in contrast to Portland cement composites would bring about a critical decrease in 
ozone harming substance release, unrefined substance utilization and compelling waste management [7]. The 
geopolymer cover is an inorganic polymer gotten from the polycondensation response of aluminosilicates with 
salts. The geopolymers have nebulous/semi-translucent 3-layered aluminosilicate system structures made by 
the going with (SiO4)

−4 and (AlO4)
−5 tetrahedral. As of late, geopolymers have gotten huge fascination in the 
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investigation and development industry because of the remarkable exhibition as far as physical and mechanical 
properties [8].

To reduce the manufacturing of cement and emission rate of CO2, recent researchers were carried 
out to identify the substitute material for cement and aggregate in concrete are agricultural waste, industrial 
waste, various replacement of aggregate. However, to reduce the negative impact of construction industry on 
environmental ecosystem, researchers are exploring the use of waste generated from industries and agricultural 
field in construction materials [9, 10]. Predominantly, waste materials from the agricultural field are more 
efficient and cost effective to make high durable and strengthen concrete in recent days. Consequently, recent 
decades many researchers were carried out the detailed investigation on various recycled materials replaced 
for conventional fine and coarse aggregate [11–13]. Coconut shells are a farming byproduct that is generally 
delivered in tropical countries [14–16].

SHAHRABADI et al. [17] analysed the effects of limestone on silcia fume and fly ash based concrete 
and revealed that, 10% replacement of limestone in silcia fume based concrete gives the good stregnth and less 
environmental impacts. FORSAT et al. [18] investigated the effects of larestan pipeline water and mechanical 
behaviour of concrete using granite aggregate and the study found that, graphene oxide powder distribution 
and geometric imperfectness are highly influenced the mechanical properties of the concrete. MIRJAVADI  
et al. [19] assessed the post bearing of reinforced concnrete plates with geometrical imperfection and study 
found that, 50% replacement of granite aggregate with covnentional aggregate gives good strength properties 
and improves the mechanical behaviour of the concrete. By consolidating coconut shells as a partial replacement 
for coarse aggregate in concrete, however it similarly advances feasible practices in construction industry  
[20, 21].

The recent researcher [22] carried out the detailed evaluation of the optimal mix design with coconut 
shell ash as a partial replacement for cement in concrete and used various mix proportion such as 10%, 15%, 
20% and 25%. They carried out the burning, grinding and sieving process for the preparation of coconut shell 
for replacement of cement and tested the properties of coconut shell using SEM, EDS, XRF, and DIA analyses. 
The study found that, 20% replacement of coconut shell in conventional concrete would be the better result 
in view of structural behaviour and environmental impact. HASAN et al. [23] investigated the characteristic 
of lightweight and green concrete using coconut shell as replacement of conventional aggregate. The various 
proportion were used to assess the characteristic of green concrete such as 10%, 20%, 30%, 40%, and 50% by 
weight. The physical and mechanical behaviour of concrete were assessed to find the optimal replacement of 
coconut shell for conventional concrete. The study found that, 50% replacement of coconut shell shows high 
strength and less environmental impacts compared with other replacement percentages. LIU et al. [1] assessed 
the engineering properties and economic advantages of recycled aggregate concrete. The study used waste 
clay bricks and coconut shell for partial replacement of coarse aggregates in conventional concrete. The study 
assessed the workability, mechanical, thermal conductivity, and other mechanical behaviour of concrete and 
additionally evaluated the economic advantages of controlled concrete. The study found that, recycled and light 
weight concrete are satisfied the requirement of conventional concrete. AZIZ et al. [2] evaluated the mechanical 
properties, structural performance of coconut shell lightweight concrete and followed the study followed the 
50% replacement of coconut shell reduce the compressive strength around 9% and 18% reduction in drying 
shrinkage.

Based on the detailed literature studies, coarse aggregate replacement by coconut shell is well studied 
but the detailed research is required to understand the mechanical behaviour of controlled concrete with 
partial replacement of coconut shell, fly ash and GGBS [24–26]. The mechanical behaviour of the geoploymer 
concrete has been improved with increase in percentage of GGBS upto 40% with replacement of cement and 
fine aggregate. We identified that, fully replacement of cement by fly ash and GGBS with coconut shell studies 
were are not discussed so far [27–29]. The present study aimed to develop the geopolymer concrete using 
partial replacement of coconut shell as coarse aggregate, to study the mechanical behaviour of concrete and to 
assess the durability of controlled concrete with different exposure conditions. The finding of the present study 
results will more helpful to carry out the further research on partial and fully replacement of coarse aggregate by 
coconut shell and to understand the strength and durability properties of the coconut shell in concrete.

2. MATERIALS AND METHODS
In general, geopolymer concrete is a part of inorganic polymer material that do not use cement as a binding 
material for production conventional concrete [30]. The present study used the fly ash (FA) as a primary binding 
material, GGBS as another cementitious material, natural and M sand used as fine aggregate and natural crushed 
stones and coconut shell as coarse aggregate. The sodium silicate and sodium hydroxide were used as alkaline 
solution.
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2.1. Fly ash
The present study used calcium-based fly ash (F type), which were byproduct of the thermal power plant currently 
operate in the northern part of the Tamil Nadu, India. The chemical constituents of the FA were presented in the 
Table 1. A high percentage of 54.56% of silica dioxide, 28.25% of alumina trioxide, 8.01% of ferrous trioxide, 
5.32% of calcium oxide and with other constitution materials.

2.2. GGBS
The GGBS collected from the iron manufacturing company and its properties are 37.25% of silica dioxide, 
33.65% of calcium oxide, 13.25% of aluminium dioxide with other constitution materials (Table 1). The specific 
gravity of the GGBS is 2.8 [31].

2.3. Aggregate
The collected and dried natural river sand was used a fine aggregate. The sieve test was carried out to confirmed 
the gradation of FA is zone III as per recommend standards. The specific gravity of the FA is 2.65. The novelty 
of the present study is to replace the conventional coarse aggregate by coconut shell. The properties of the both 
coarse aggregates were listed in the Table 2. For conventional concrete, the properties of coarse aggregate are  
12 mm in size, specific gravity of 2.84 with bulk density of 1620 kg/mm3. To attain the higher strength with good 
workability, size of coconut shell is 10 mm, specific gravity is 1.15 and bulk density is 720 kg/mm3.

2.4. Alkaline solution
The alkaline activator plays a vital role in geopolymer concrete and act as the super plasticizers [32, 33]. Based 
on the literature studies, sodium hydroxide (NaOH) and sodium silicate (NaSiO3) were chosen as the alkaline 
activator in present study. The chemical compositions of sodium silicate are Na2O is 14.7% and SiO2 is 29.45 
and H2O is 55.9%. The sodium hydroxide pellets with 98% of purity were used to prepare the NaOH solution. 
The concertation of the NaOH solution is 10M. The alkaline activator was prepared 24h before casting the 
geopolymer concrete.

3. EXPERIMENTAL TECHNIQUES

3.1. Preparation of samples
The present study aimed to assess the mechanical and durability behaviour of partial replacement of coconut 
shell aggregate. Consequently, both conventional and coconut replacement concrete were prepared to understand 
the strength variation [34, 35]. The fly ash, GGBS, fine and coarse aggregate were well mixed for 2 to 3 mins in 
concrete mixer. The prepared alkaline activator solution was added to the dry mix and additionally water about 

Table 1: Chemical composition of fly ash and GGBS.

MATERIAL CaO SiO2 Al2O3 Fe2O3 MgO SO4 Na2O K2O LoI

Fly ash 5.32 54.56 28.25 8.01 1.35 0.28 0.56 0.29 0.41

GGBS 33.65 37.25 13.25 0.28 5.98 0.42 1.32 0.78 0.27

Table 2: Conventional and coconut shell aggregate properties.

PROPERTIES CONVENTIONAL COARSE 
AGGREGATE

COCONUT SHELL  
AGGREGATE

Maximum size (mm) 12 10

Specific gravity 2.84 1.15

Bulk density (kg/mm3) 1620 720

Abrasion test (%) 1.95 1.63

Water absorption (%) 10.12 18.01

Fineness modulus 4.25 3.89
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5% weight of fly ash were added to increase the workability of the concrete. The workability of the geopolymer 
concrete were measured based on the Indian standard recommendations. The fresh concrete was filled in cubes, 
cylinder and prisms by three layers and each layer were vibrated using tamping rod and finally vibrated each 
specimen in vibration machine for 30s.

3.2. Mechanical behavior of concrete
To assess the mechanical behaviour of geopolymer concrete, compressive, split tensile and flexural strength test 
was performed. For compressive strength test, 100 mm cubes were prepared based on the IS 516-1959 and tested 
at 7, 14, 28, 56 and 90 days. To estimate the flexural strength, prism of size 100 × 100 × 500 mm was prepared 
and tested based on ATM C78–84 [36]. The cylinders were prepared to estimate the splitting tensile strength of 
the concrete followed by ATM C 496.

3.3. RCPT
The RCPT was performed to evaluate the rate of chloride penetration in concrete. Due to environmental changes, 
sea water intrusion and excess amount of chloride groundwater are easily penetrated into the concrete and 
degrade the strength of concrete [37–39]. The RCPT is the significant test to measure the chloride ion penetra-
tion into the concrete specimen in the laboratory scale. The experimental setups are followed by ASTM C 1202-
1997 standards. The unit of RCPT is coulomb, the current passed between the specimen and measure in ampere. 
Already casted and well ambient cured cylinder with a size of 100 mm diameter × 300 mm height is sliced into 
100 mm diameter × 50 mm height was taken into experiment. The experiment consists of two different chemical 
reservoir such as one is 3% of NaCl solution and another one is 0.3N of NaOH solution. The sliced concrete 
specimen was placed between the two reservoirs and DC current are supplied at the rate of 60 volts for 6 hours. 
The current passing was measuring every 30 minutes. The experiment setup of RCPT is shown in figure.

3.4. Sulphate resistance test
The sulphate resistance test is one of the important tests to understand the behaviour of concrete toward sulphate 
attack, more significant in coastal region [40]. In this test, 5% of sodium sulphate powder were mixed in the cur-
ing tank and ambient cured geopolymer specimens were taken out and immersed in the solution for 28, 56 and 
90 days. The tank was closed with plastic sheet to avoid the evaporation and free from dust in the tank. Every 
28 days, new solution was added to maintain the concentration of sodium sulphate in the curing tank and stirred 
once in a week to avoid the salt settlement on the specimen [15]. After carried out the weight difference, we can 
understand the amount of sulphate intrusion in each specimen. The variation of compressive strength and weight 
loss has been calculated at the end of the experiment.

3.5. Acid resistance test
In present study, 5% concentrated sulphuric acid solution added with separate curing tank and immerse the 
specimen. To keep a constant pH value of water, sulphuric acid solution was added after14 days. For each con-
crete mix, 3 specimens were used and total of 18 specimens were immersed in the curing tank asper standards 
recommended by ASTM C 642. The cubes were immersed in the 5% sulphuric acid solution tank with a depth 
of 30 – 50 cm. The casted geopolymer concrete cubes were cured in ambient environment for 28 days. After 
curing, both conventional and geopolymer cubes were taken out from the tank and weight was recorded as W1. 
Three sample cubes were taken out after 28-, 56- and 90-days interval to estimate the variation of compressive 
strength and weight of the specimen. The final weight was measured and taken as W2. The mass variation was 
calculate using following formula:

% of weight loss = 
W1 (initial weight) – W2 (final weight)

× 100
W1 (initial weight)

3.6. Water absorption test
The casted specimens were immersed into water for 24 hours and after that, the surface was wiped with clothes 
and placed into oven at the temperature of 105 ± 5°C. The weight of the specimen before and after placing into 
oven was measured as Ws (saturated weight) and Wd (dry weight). The water absorption percentage was mea-
sure using following equation:

water absorption = 
Ws – Wd × 100

Wd
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3.7. Rate of absorption
The absorption rate is an important factor to characteristic the behaviour concrete and to understand the 
homogenous nature of the material used. The rate of absorption test was carried with use of normal water, set of 
specimens were immersed in it. The experimental setup and arrangement were followed by ASTM C1585-13. 
The dried samples are cooled at normal room temperature for more than 12 hours [41]. In order to make the 
impermeable surface, methyl ethyl ketone peroxide was used as non-absorbent solution and applied on the both 
sides of the specimens. The plastic tubes were used to arrange the bottom of the specimen were clearly touch 
with the water in the tank. The rate of absorption was estimate using following equation:

I = √St

Where, S is the rate of absorption, t is the time taken, and I is the absorption. The absorption was measured 
using:

I = 
  Δw
Ad

Δw is the change is the weight before and after immersed to the tank.

4. RESULTS AND DISCUSSION

4.1. Mechanical behaviour of concrete
The mechanical behaviour of concrete such as compressive, split tensile and flexural strength are calculated 
and listed in Table 3 The study result shows that, target mean strength of conventional concrete is achieved 
after 28 days and various percentage of coconut shell replacement are showing the higher strength in 40% 
replacement with coarse aggregate mix compared with conventional mix. About 35.15%, 31.44% and 16.67% 
of the compressive, split tensile and flexural strength has increased in GC40 mix. Based on the previous studies, 
coconut shell gradually increased the mechanical properties of the concrete with respect to age of the concrete 
(Table 3). The result indicates that, fineness nature of fly ash and GGBS gives the major strength, during 
hydration process coconut shell gives a higher strength and silica content in the fly ash reacts further and gives 
more bonding to with coconut shell.

4.2. Acid resistance test
In present study, weight loss and compressive strength after 28 days, 56 days and 90 days immersed in the acid 
has been estimated and shown in Figure 1 and Figure 2. In Figure 1 shows that, weight loss has been increased 
with increase in number of days immersed in the acid. The conventional concrete mix shows the very low 
level of weight loss compared with geopolymer concrete mixes. The maximum amount of around 3.5% of 
weight loss has been recorded in conventional mix. In other mix variation shows that, increasing percentage 
of coconut shell increases the weight loss in acid resistance test. The results indicates that, coconut shell make 
the concrete low permeable in acid attack. The penetration of sodium ions and other element is low in all mix. 
The geopolymer concrete with optimal percentage of coconut shell shows that, strong acid resistance and low 
permeable concrete.

Table 3: Mechanical behaviour of coconut shell based geopolymer concrete.

S.NO MIX ID % OF COARSE 
AGGREGATE 

REPLACEMENT

COMPRESSIVE 
STRENGTH

SPLIT TENSILE 
STRENGTH

FLEXURAL 
STRENGTH

MPa

1 GC0 0 30.52 2.56 4.05

2 GC10 10 33.26 2.85 4.18

3 GC20 20 36.85 2.96 4.36

4 GC30 30 39.53 3.09 4.52

5 GC40 40 41.25 3.18 4.86

6 GC50 50 38.59 3.02 4.42
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In compressive strength test after acid resistance test result were compared with ambient curing speci-
mens. The test result shows that maximum compressive strength of 35.26 MPa was estimated in GC4 mix in 
ambient curing. After 28 days of acid immersion, the compressive strength reduces to 34.52 MPa. The per-
centage differences are around 10% less than the ambient curing. The variation in CS after 56 and 90 days was 
recorded and it shows that very low compressive strength was estimated in GC1 compared with target mean 
strength. The orders of compressive strength loss are GC1 > GC2 > GC3 > GC5 > GC0 > GC4. The high dense 
siliceous layer was formed in geopolymer concrete due to the presence of calcium aluminium silicate gel. The 
binding between coconut shell with fly ash and GGBS are strong due to formation of gel in initial period of 
curing. The less acid attack was recorded in GC4 and stated that, optimal amount of replacement is 40% for 
conventional coarse aggregate.

Figure 2: Variation of compressive strength after Acid resistance test.

Figure 1: Percentage of weight loss in Acid resistance test.
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Figure 4: Variation of compressive strength after sulphate resistance test.

Figure 3: Percentage of weight loss in sulphate resistance test.

4.3. Sulphate resistance test
The same as acid resistance test, sulphate resistance test was performed in the present study. In order to analysis the 
resistance capacity of coconut shell against sulphate ions, weight loss and compressive strength were performed. 
The weight loss of all mixes is shown in Figure 3. It represents that, weight loss percentage was increased with 
increase number of days. The low level of weight loss was measured in conventional geopolymer concrete and 
it is around 1% of weight loss. In coconut shell replacement concrete mixes, GC4 mix shows that weight loss 
percentage was reduce in 90 days, initially weight loss is greater than other mixes and increase in number of 
days, the weight loss was reduced. It indicates that, formation of siloxane bonds decreased the leaching effects 
of sulphate and act as a strong sulphate resistance concrete. The compressive strength of all mixes after sulphate 
resistance test was compared with normal curing method. In ambient curing, higher strength was obtained in 
GC4, GC3 mix compared with GC0. In sulphate acid curing, the compressive strength was gradually decreased 
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in 28 days, 56 days and 90 days. Around 10% of the strength was reduced after 56 days and 90 days respectively 
(Figure 4). In general, geopolymer concrete are good in sulphate attack and the present study evaluate the 
behaviour of coarse aggregate replaced by coconut shell and found that, 40% replacement of coconut shell act 
as high sulphate resistance compared with other mix.

4.4. RCPT
In general, increase the age of concrete will decrease the penetration of chloride into concrete. In the present 
study, RCPT test are shown in Figure 5. The average value of three specimen were taken in consideration and 
the results indicates that, all the mix were lies below the very low penetration level and also very low penetration 
was measured in the GC4 mix compared with other mix. The test results show that, 10% replacement of coconut 
shell has maximum level of penetration, 20%, 30% and 50% replacement have the equal level of penetration and 
40% of the replacement has very low of penetration compared with other percentages and conventional mix. It 
indicates that, fly ash and GGBS act as binding material to increase the strength of the concrete and replacement 
of coarse aggregate by coconut shell also influenced the chloride penetration level. This test helps to understand 
the positive impact of replacement of coconut shell in the geopolymer concrete. The supplementing cementitious 
material with optimal level of coconut shell proven.

4.5. Water absorption capacity of concrete
To identify the optimal percentage of coconut shell replacement in geopolymer concrete and to assess the dura-
bility of the geopolymer as well, water absorption test results are more significant. The Figure 6 shows the 
variation of water absorption in three different time interval such as 28, 56 and 90 days. The results indicates 
that, increasing the days of immersion increase the percentage of water absorption in type of mix. At 28 days, 
maximum amount of 1.2% of water absorption was measured in 50% of the replacement of coconut shell and 
comparatively high percentage. At 56 days, conventional mix shows the low level of water absorption and GC5 
shows the higher percentage of water absorption. At the end of 90 days, GC4 shows that very low level of water 
absorption compared with other mix concrete. The study found that, 40% optimal replacement of coconut shell 
gives the good durability property compared to conventional concrete.

4.6. Rate of absorption
Hall 1989 and Martys 1997 were performed the two different time variation of rate of absorption study such as  
2 hrs and 24 hrs. In the present study, the rate of absorption was performed for 24 hrs and reading were measured 
every 10 minutes intervals. The test was performed for conventional and geopolymer concrete and test results 

Figure 5: RCPT test result for different mix concrete.
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Figure 6: Water absorption of coconut shell based geopolymer concrete.

are shown in fig. The regression analysis of time and absorption for all mix shows that, 0.996, 0.9997, 0.99, 
0.9992, 0.9998 and 0.9991 for conventional, GC1, GC2, GC3, GC4 and GC5 (Figure 7). It indicates that, higher 
percentage of accuracy was achieved in GC4 mix. The rate of absorption in GC4 mix has high accuracy and very 
low error compared with other mix. The regression analysis results indicates that, fly ash and GGBS perfectly 
binding with coconut shell and optimal amount of replacement is 40% instead of conventional coarse aggregate. 
The rate of absorption of conventional is slightly higher than the geopolymer concrete and in geopolymer mix 
variation, GC4 has the very low rate of absorption compared with other mix.

Figure 7: Rate of absorption test with respect to time.
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4.7. Microstructure analysis
The microstructure analysis of geopolymer concrete confirmed the exact reaction between the fly ash and GGBS 
binding with coconut shell. In present study, the SEM result shows that, fly ash based geopolymer concrete con-
tains calcium aluminosilicate hydrate gel while using fly ash and GGBS, the figure represents that, unreached 
fly ash and voids are present in the structure (Figure 8). The percentage of voids in the structure are the major 
reason for weight loss in acid and sulphate resistance test. Even in the water absorption and rate of absorption 
test also confirmed the effects of voids precent in the structure.

5. CONCLUSION
The novelty of the present study is to use coconut shell as coarse aggregate in fly ash based geopolymer concrete. 
The study results conclude that,

•	 The mechanical behaviour of geopolymer concrete shows that 40% replacement of coarse aggregate by coco-
nut shell are high strength properties compared with other mix variations. About 10–15% of the high strength 
was achieved in GC4 mix.

•	 In acid and sulphate resistance test, conventional geopolymer concrete shows the better behaviour compared 
with coconut shell however GC4 mix shows the improved resistance property with increasing number of 
days. In 90 days, less amount of weight loss and good compressive strength was achieved in GC4 mix con-
crete.

•	 In RCPT test, all the mix concrete shows the very low level of chloride ion penetration and comparatively 
GC4 mix shows very low value of penetration. In water absorption and rate of absorption test, 40% replace-
ment of coconut shell mix shows the low level of absorption and regression analysis shows that, 99% of the 
accuracy in the test result.
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