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ABSTRACT 
 

This paper presents the findings of an investigation on the compressive strength of Cocoa Pod Husk Ash 

(CPHA) concrete and its resistance to tannery waste aggression, as well as the compressive strength regression 

model. The CPHA used was obtained by controlled burning of cocoa pod husk in an incinerator to a 
temperature of 600-630

o
C, and after allowing cooling, ground and sieved through sieve 425 µm and 

characterized. The compressive strength of CPHA-Concrete was investigated at CPHA additions of 0, 0.2, 0.4, 
0.6, 0.8 and 1.0 %, respectively by weight of cement. A total of seventy two 150 mm cubes of CPHA-Concrete of 

1: 2: 4 mix and water-cement ratio of 0.55 were tested for compressive strength at 3, 7, 28 and 56 days of 

curing. Eighteen 150 mm cubes were initially cured in clean water for 28 days before exposure to attack from 
tannery waste solution for 28 days and tested in compression. The concrete compressive strength was also 

modeled using Minitab statistical software to establish regression model. The results of the investigations 
showed that Cocoa Pod Husk Ash (CPHA) is predominantly of K2O (88.26%) and MgO (3.59%) and addition of 

up to 0.6% CPHA increased the compressive strength and resistance of concrete exposed to acidic environment. 

The regression model of CPHA-Concrete compressive strength was developed with R
2
 value of 0.793 and was 

adequate for prediction of concrete compressive strength.  

  

 
Significance: The study has shown that CPHA could be used as addition to improve the compressive strength 

and resistance of concrete in aggressive environment and the model developed can be used for prediction of 

CPHA concrete compressive strength. 
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1. INTRODUCTION 

 

The durability of concrete is an important property 

which significantly determines the service life of 

concrete structures (Turkel et al., 2007). It is a 

measure of the ability of concrete structures to 

withstand the environmental conditions to which it 

is exposed. According to Yuksel et al. (2007), 

durability of concrete is its ability to resist chemical 

and physical attacks that lead to deterioration of 

concrete during its service life. These attacks 

include leaching, sulphate attack, acid attack, 

carbonation, alkali-aggregate reaction, freezing-

thawing and abrasion. Though compressive 

strength of concrete is a measure of durability to a 

certain extent, but it is not entirely true that strong 

concrete is always durable, owing to some failures 

observed of concrete of high compressive strengths 

due to environmental conditions (Ogork et al., 

2010). 
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Acidic attack usually originates from industrial 

processes, but it can even be due to urban activity. 

The acidic attack is brought about by the processes 

of decomposition and leaching of the constituent of 

cement matrix (Gutt and Harrison, 1997). Acids 

react with alkaline components of the binder 

(calcium hydroxide, calcium silicate hydrates and 

calcium aluminate hydrates) lowering the degree of 

alkalinity. The degradation of concrete due to acids 

occur gradually and leads to loss of alkalinity, loss 

of mass, loss of strength and rigidity (Regourd, 

1981 as cited in Turkel et al., 2007). 

The use of admixture in concrete is very necessary 

in most situations where there is a need to improve 

on the properties of either fresh or hardened 

concrete or both for an exact purpose. In most 

situations the realization of such improvement can 

only be achieved cost-effectively and more rapidly 

when suitable admixtures are used. However, the 

production of these products requires capital 

intensive plants and expertise, with consequent 

high cost in addition to increase in the prices of 

traditional building materials to the common man 

due to inflation. To lessen material and 

construction cost to affordable rate, many research 

works have been directed towards utilization of 

cheap and readily available local materials such as 

industrial and agricultural waste as substitute for 

aggregate or binder in construction (Elinwa et al., 

2005). 

Cocoa tree is a small evergreen tree grown in the 

tropical regions of the world, such as Africa, Asia 

and America and produces the cash crop cocoa. 

The major producing countries in Africa are Cote 

d’Ivoire, Ghana, Nigeria and Cameroon. The global 

cocoa production has increased by 13 % from 4.3 

million metric tons in 2008 to 4.8 million metric 

tons in 2012 (World cocoa Foundation, 2014). 

Cocoa pod or fruit form directly on branches and 

the ripe pods are cut from the trees and cut open to 

remove the beans from the pods. Cocoa pod husk, 

which is about 56 % of the pod components (Audu 

and Mamman, 2013) are usually discarded by stock 

piling as waste products of cocoa industry and 

presents a serious disposal problem. However, 

Audu and Mamman (2013) have reported on the 

use of cocoa pod husk ash (CPHA) in concrete. 

They suggested that up to 0.6 % CPHA content 

could be used as a repellant admixture, as well as a 

retarding admixture. It is against this background 

that this research aimed to investigate the resistance 

of CPHA concrete exposed to an aggressive 

environment. 

 

2. MATERIALS AND METHODS 

 

2.1 Materials 

Ordinary Portland cement manufactured in Nigeria 

as Ashaka brand, with a specific gravity of 3.15 

was used. The oxide composition of the cement is 

shown in Table 1. Sharp sand from river Challawa, 

Kano, Nigeria, with a specific gravity of 2.66 and 

moisture content of 5.0% was used. The particle 

size distribution of the sand shown in Figure 1, 

indicate that the sand used was classified as zone -2 

based on BS 882 (1992) grading limits for fine 

aggregates. The coarse aggregate is crushed granite 

of nominal size of 20 mm with a specific gravity of 

2.7. The particle size distribution is also shown in 

Figure 1. 
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Cocoa pod husk (CPH) was obtained from Owu 

cocoa plantation, Edo state, Nigeria. The Cocoa 

Pod Husk Ash (CPHA) was obtained by burning 

the husk to a temperature of about 600–630°C in an 

incinerator and controlling the firing at that 

temperature for about two hours and the ash was 

allowed to cool before grinding in a grinding 

machine to powder and sieving through 425 µm 

sieve. The CPHA is of specific gravity of 3.44 and
 

moisture content of 9.0%. The oxide composition 

of CPHA was conducted using X-Ray Flouresence 

(XRF) and the result is shown in Table 1.  

 

 

 

 

Figure 1: Particle Size Distribution of Fine Aggregates and Coarse Aggregates 

 

2.2 Methods 

2.2.1 Concrete Mix Proportions: Prescribed 

concrete mix of 1:2:4 and water-cement ratio of 

0.55 was used to make CPHA concrete. Six mixes 

were used, namely; ACM-00 is the control mix and 

ACM-0.2, ACM-0.4, ACM-0.6, ACM-0.8, and 

ACM-1.0 representing mixes with addition of 

CPHA of 0.2% to 1.0% of cement, respectively.  

2.2.2 Compressive Strength Test on CPHA-

Concrete: The compressive strength of Concrete 

with addition of CPHA was carried out in 

accordance with BS 1881 Part 116 (1983) for the 

prescribed concrete mix of 1:2:4 and water-cement 

ratio of 0.55. Samples were cast in steel moulds of 

150 mm x 150 mm x 150 mm cubes  and cured in 

water for 3, 7, 28 and 56 days, respectively. A total 

of seventy two (72) samples were cast and at the 

end of every curing regime, three samples were 

crushed using the Avery Denison Compression 

Machine (ID: 7115/32716) of 2000 kN load 

capacity and at constant rate of 15 kN/s and the 

average taken. The developing compressive 

strength behavior is shown in Figure 2. 

2.2.3 Test of CPHA-Concrete in Tannery 

Industrial Waste Medium: The six mixes of the 

prescribed concrete mix (ACM-00, ACM-0.2, 
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ACM-0.4, ACM-0.6, ACM-0.8, and ACM-1.0) 

were used to determine the effect of tannery waste 

medium on CPHA-Concrete. A total of eighteen 

(18) cubes of 150 mm x 150 mm x 150 mm were 

cast and cured in water for 28 days. At the end of 

every curing regime, three samples were air dried, 

then weighed before immersing in solution of 

tannery waste which was analysed to be of pH 3.10, 

acidity 180 mg/L, alkalinity 70 mg/L, as well as 

sulphate and chloride content of 151.9 mg/L and 

41.2 mg/L respectively. The concrete cubes were 

weighed after immersion in the tannery waste 

solution for 28 days and tested in compression to 

determine the compressive strength of the samples 

after exposure to the tannery solution. The 

compressive strength behavior of CPHA-Concrete 

to the aggressive medium is shown in Figures 3. 

2.2.4 Statistical Modeling of CPHA Modified 

Concrete Compressive Strength:  A statistical 

model was developed from experimental data using 

MINITAB 11 software to predict the compressive 

strength behavior of CPHA concrete. The model 

was also used to analyze the sensitivity of CPHA in 

the compressive strength of the concrete. In 

developing the compressive strength prediction 

model of the CPHA concrete, two effects were 

considered; influence of CPHA content and 

influence of curing age on concrete strength. The 

software generates model equation and graphs that 

would best fit the experimental data. A comparison 

is then made between the experimental data and 

data generated by the model and the error 

difference evaluated.  

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Results 

3.1.1 Cocoa Pod Husk Ash (CPHA) 

 

Table 1: Oxide Composition of OPC (Ashaka Brand) and CPHA 

 

Oxide 

(%) 

SiO2 Al2O3 Fe2O3 CaO MgO K2O Na2O SO3 P2O5 L.o.I 

OPC 19.80 5.70 2.90 63.70 1.50 0.70 0.20 2.30 - 1.30 

CPHA 1.45 0.00 1.75 2.02 3.59 88.26 0.86 - 0.44 8.56 

 

3.1.2 Compressive Strength of CPHA-Concrete 
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Figure 2: Compressive Strength Development of CPHA-concrete 

3.1.3 Effect of Tannery Waste Solution on CPHA-Concrete 

 

 

 

Figure 3: Comparison of Compressive Strength of CPHA-Concrete Exposed to Tannery waste and clean water 

 

3.1.4 Regression Model for CPHA Modified 

Concrete Compressive Strength: The regression 

equation generated for compressive strength of 

CPHA-Concrete model is given in equation 1: 

 

fcc = 17.51 - 0.32 X1 + 3.85 X2 ………. (1) 

 

Where: fcc = concrete compressive strength; 

 X1 = % CPHA (0, 0.2, 0.4, 0.6, 0.8 and 1.0 %);  

X2 = curing age of samples (3, 7, 28 and 56 days). 

 

3.2  Discussion of results 

3.2.1 Cocoa Pod Husk Ash (CPHA): The 

oxide composition of Cocoa Pod Husk Ash 
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(CPHA) indicate that it is predominantly of K2O 

(88.26%) and small amounts of MgO (3.59%), CaO 

(2.02%), Fe2O3 (1.75%) and SiO2 (1.45%). The 

high K2O content may hinder the setting of cement 

and also adversely affect the concrete matrix when 

in contact with other reactive chemicals. The MgO 

content may have a retarding effect on the cement 

matrix while CaO and SiO2 are additional sources 

of calcium silicate hydrates. The result is consistent 

with the works of Stocchi (1990) and Deng (1991). 

3.2.2 Compressive Strength of CPHA-Concrete:     

The compressive strength of CPHA-concrete 

showed that compressive strength increased with 

curing age and also increased with addition of up to 

0.6 % of CPHA. Further increase in addition of 

CPHA led to decrease in compressive strength of 

the concrete as shown in Figure 2. The increase in 

compression strength with curing age is due to 

hydration of cement. The increase in compressive 

strength with addition of CPHA up to 0.6 % may be 

due to formation of additional calcium silicate 

hydrates from the reaction of CPHA and Ca(OH)2 

from cement hydration. The reduction in 

compressive strength with addition of CPHA of 0.8 

% and above may be due to saturation of the 

cement mix with oxides such as K2O and MgO in 

CPHA which form composites that may inhibit the 

formation of strength giving calcium silicate 

hydrates from cement hydration, consistent with 

Elinwa and Abdulkadir (2011). 

3.2.3 Effect of Tannery Waste Solution on 

CPHA-Concrete: The effect of tannery waste on 

CPHA-concrete shown in terms of compressive 

strength in Figure 3 suggests that CPHA-concrete 

offered more resistance to the aggressive medium 

than Ordinary Portland cement concrete. There was 

a reduction in the compressive strength of all the 

concrete samples exposed to tannery waste solution 

when compared with the compressive strength of 

concrete cured in clean water. Concrete with 0.6 % 

CPHA also exhibited the highest compressive 

strength when exposed to tannery waste aggression. 

It was also observed that the compressive strength 

loss of CPHA-concrete samples was lower than that 

of plain ordinary Portland cement concrete (Figure 

4). The improvement in the resistance of CPHA 

concrete to chloride and sulphate aggression from 

the tannery waste could be attributed to a better 

pore structure of the CPHA-concrete with greater 

impermeability than the ordinary concrete. This 

would slow down the penetration of water and 

chemicals into the concrete. Also CPHA reacts 

with the lime in the paste matrix with a consequent 

reduction of the lime present in its free format that 

may be considered as harmful as it reacts with 

many chemicals causing concrete degradation, 

consistent with Elinwa and Abdulkadir (2011)
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Figure 4: Compressive Strength Loss of CPHA-Concrete Exposed to Tannery Waste 

 

3.2.4 Regression Model for CPHA Modified 

Concrete Compressive Strength: The regression 

model generated for compressive strength of 

CPHA-Concrete showed that at 5 % level of 

significance, from the regression analysis, P-value 

= 0.046 and 0.000 for CPHA content and age of 

curing of concrete, respectively and shows that both 

variables are highly significant (P < 0.05), 

indicating that the variation in the concrete 

compressive strength is caused by CPHA content 

and age of curing. The coefficient of determination, 

(R
2
) is 79.3 % and indicates that the variation of 

concrete strengths is significantly dependent on the 

variations of CPHA content and age of curing. The 

residual and normality plots (Figures 5 and 6) were 

drawn for the compressive strength of concrete to 

further examine how well the model fits the data 

used. It was observed that there were few large 

residuals and limited apparent out-lier, consistent 

with works of Field (2002), Razak and Wong 

(2004), Elinwa and Abdulkadir (2011). This 

confirms that the model is adequate for design 

prediction.  
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Figure 5: Residual Versus Fitted values for Compressive Strength of Concrete 
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Figure 6: Normal Probability of Residuals for Compressive Strength of Concrete 

 

 

4. CONCLUSION 

 

Cocoa Pod Husk Ash (CPHA) is predominantly of 

K2O (88.26 %) and MgO (3.59 %). The addition of 

up to 0.6 % CPHA increased the compressive 

strength of concrete. The addition of up to 0.8 % 
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CPHA increased the resistance of concrete exposed 

to acidic environment. The regression model for 

CPHA-Concrete with R
2
 values of 0.793 is good for 

prediction of concrete compressive strength. 
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