
Computational Engineering and Physical Modeling 3-2 (2020) 12-28 

How to cite this article: Ogbonna C, Mbadike E, Alaneme GU. Characterisation and Use of Cassava Peel Ash in Concrete 

Production. Comput Eng Phys Model 2020;3:12–28. https://doi.org/10.22115/cepm.2020.223035.1091. 

2588-6959/ © 2020 The Authors. Published by Pouyan Press.  

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).  
 

 

Contents lists available at CEPM 

 

Computational Engineering and Physical Modeling 

Journal homepage: www.jcepm.com 

Characterisation and Use of Cassava Peel Ash in Concrete 

Production 

Ch. Ogbonna
1*

, M.M. Elvis
1
, G.U. Alaneme

1  

1. Department of Civil Engineering, Michael Okpara University of Agriculture, Umudike, P. M. B. 7267, Umuahia 

440109, Abia State, Nigeria 
 

Corresponding author: ogbonnachimmaobi@gmail.com 

 https://doi.org/10.22115/CEPM. 2020.223035.1091 

ARTICLE INFO 
 

ABSTRACT 

Article history: 

Received: 10 March 2020 

Revised: 30 March 2020 

Accepted: 09 April 2020 

 

In this work, the utilization of cassava-peel-ash (CPA) which is 

an agricultural solid waste derivative as a supplementary-

cementitous-materials in the production of concrete is carried 

out in this study; this is essential because it enhances the re-use 

and re-cycling of solid wastes and its derivatives which will 

help in achieving eco-efficient, eco-friendly and sustainable 

engineered infrastructure. The CPA is used to replace specified 

ratio of cement ranging from 0% to 40% at the hydration period 

of 3, 7, 28, 60 and 90days respectively to obtain a concrete 

mixture of coarse and fine aggregates, water, cement and CPA. 

The Characterization is of CPA is evaluated with respect to the 

physicochemical properties of CPA and mechanical properties 

of the concrete mix at fresh or hardened state. The results of 

compressive strength for 5%-replacement range from 

12.56N/mm
2
 to 33.26N/mm2 for the varying hydration periods 

as against 13.93N/mm
2
 to 35.23N/mm

2
 for the control-test (0%-

replacement). The result of flexural strength for 5%-

replacement range from 3.33N/mm
2
 to 15.17N/mm

2
 for the 

varying hydration periods as against 4.67N/mm
2
 to 

16.80N/mm
2
 for the control. The mechanical properties results 

indicate that lower strength is obtained at early hydration 

periods but the strength increases with longer hydration period; 

while the strength decreases with increased ratio of the CPA. 

The pozzolanic-activity-index (PAI) of CPA is 75.8% which is 

an indication that it has high pozzolanic properties. From the 

results, the optimum combination level of 5%-10% replacement 

of the cement by CPA can be used to produce a better and more 

desirable concrete. 

Keywords: 
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Concrete compressive strength; 

Pozzolan; 
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materials. 
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1. Introduction 

Construction materials for building works account for about forty to sixty percent of the total 

cost of executing the construction project which is due to exponential increase in the cost of the 

basic conventional materials such as aggregates and cement [1]. The cost increase of these 

conventional construction materials is because of the high cost expended in their production, 

processing and haulage.  Apart from the economical aspect, the use of these conventional 

materials has led to a buildup of CO2 emissions into the atmosphere which consequently lead to 

global warming thereby endanger our environment. To tackle this challenge, the use of 

supplementary cementitous materials to substitute cement in order to reduce the total 

construction cost and also achieve environment efficient, environment friendly, and sustainable 

development in terms of infrastructure [2,3]. Cassava peel which is a waste (by-product) from 

cassava processing and these material are generated either on domestic level (household) or 

industrial level. The cassava peel consist of about 20 % to 35 % of the total tuber weight 

especially by hand peeling [4]. 

Pozzolans are considered to contain silica and alumina which in finely divided state and reacts 

with calcium hydroxide in the presence of water to produce cementitous compounds such as 

calcium silicates hydrates, calcium sulfo-aluminate hydrates and calcium aluminate hydrates [5]. 

Pozzolanic material utilization as a building construction material is nearly as old as ancient 

civilization where these pozzolanic materials are used to enhance the characteristics of lime; 

many of these structures are still intact as a confirmation of the durability property of pozzolanic-

lime concrete mixture [6]. In this research, the characterization of cassava peel ash which is a 

solid waste derivatives to substitute cement in concrete partially at varying ratios from 0 % to 50 

% in terms of setting time, workability, flexural strength, compressive strength and pozzolanic 

activity index. 

Concrete is used as a construction materials due to its durability property and requiring little or 

no maintenance concrete. Concrete structures are usually situated in highly polluted 

industrialized and urban areas, severe marine salty environments where some other construction 

materials are observed to be non-durable, the utilization of solid wastes and its derivatives which 

possesses alumino-silicates content with pozzolanic property in the production of concrete helps 

to improve its durability property as it is being situated at these environmental severe conditions. 

The need to obtain more sustainable cementing products in concrete makes it essential for 

researchers to indulge in the assessment of the pozzolanic activity of supplementary cementitous 

material so as to determine the safe combination level of these additives in concrete [6,7]. 

The importance of saving cost of construction and also to mitigate environmental degradation 

challenges due to indiscriminate disposal of various agricultural/industrial wastes and also oxides 

of carbon emission from both industrial plants and cement hydration as well as the enhancement 

of concrete durability performance, has led to increasing research into the utilization and re-

cycling of various solid wastes and its derivatives which can be used as pozzolans [8]. 

Raheem et al [10]; in their research study, the cement was partially replaced in concrete by CPA 

of varying proportions from 0 % to 20 %by cement weight at 5 % interval using a mixture ratio 
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of 1:2:4 and cured for 7 days to 28 days. The strength development and slump was observed and 

it was concluded that the concrete strength increases with increased hydration period but 

decrease with increase quantity of the CPA. 

Ofutayatan et al  [9]; in their work, cassava peel ash which is locally available is utilized as a 

supplementary cementitous material to partially replace conventional cement in concrete at 

varying ratio from 5 % to 25 %. The strength properties of the CPA concrete cured for 7 day to 

180 day is determined in terms of compressive strength, flexural strength, porosity, durability, 

slump, water absorption and shrinkage from the results summary 10 % to 15 % produced the 

optimal results for the response parameters. 

The physicochemical and mechanical character of natural pozzolans are derived from their 

behavior when situated or placed in a very aggressive environment. The pozzolans composed 

primarily of aluminic content are majorly chloride resistant while the silicic pozzolans serve well 

as sulphate resistant [10]. The pozzolanic activity is a measure of the chemical kinetics of 

reaction between calcium hydroxide or Ca
2+

 and a pozzolan in the presence of moisture. The 

intrinsic properties of the pozzolans namely; the active phase content, the surface area and the 

chemical composition affects the rate of pozzolanic reaction while the adsorption of physical 

surface is not considered due to the fact that no molecular irreversible bond are generated in the 

process. The pozzolanic reaction rate can be affected by externally related factors like the 

quantity of water, mix proportion, hydration product growth and reaction temperature [11].  

2. Experimental materials and investigation methods 

2.1. Experimental program 

This work investigated the physicochemical properties of cassava peel ash as a pozzolan and the 

mechanical properties of the concrete produced using CPA as a replacement for cement in 

concrete at fresh and hardened state. Setting time, workability for the concrete at fresh state 

while flexural and compressive strength test for the concrete at varying hydration periods at 

hardened state. Mixtures of concrete possessing varying ratios of CPA ranging from control (0 

%) to forty percent were assessed in order to determine the setting time, slump, flexural and 

compressive strength at varying hydration periods (3 days to 90 days). The Cassava Peel which 

is an agricultural wastes is burnt in a controlled incineration and is utilized as a supplementary 

cementitous material (SCM); strength gain rate at varying mix ratios and hydration periods is 

assessed to observe pozzolanic activity level of the cassava peel ash (CPA). The in other to 

obtain the particles of waste in a finely divided state, the ash sample is then sieved through a 

150μm sieve size. The concrete’s target strength of 35 N/mm
2 

with a cement content of 290 

kg/m
3
, a coarse aggregate content of 1198.65 kg/m

3
, a fine aggregate content of 766.35 kg/m

3
 

and a water–cement ratio of 0.45. [12,13] 

2.2. Materials 

Dangote Limestone Portland cement was used in carrying out this research experiment. 
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The cassava peel was gathered and dried under sun at Abayi-umuokoroato village, Abayi Ancient 

Kingdom of Obingwa L.G.A of Abia State. The cassava peel was burnt in a kiln at a temperature 

of about 500
0
C to 850

0
C in 60minutes in a control incineration set-up to prevent pollution. The 

burnt material was collected and sieved with 150µm sieve size in the laboratory and a very finely 

divided material (ash) was gotten for the experiments. 

The water source used in the experiment is borehole. 

The fine aggregate used in this work is clean river sand which is free from deleterious 

substances.  

The maximum size of coarse aggregate used is 12.7 mm and very free from deleterious materials 

and well graded. Fig. 1 shows the mixture of CPA and cement. 

 
Fig. 1. Cassava Peel Ash CPA and Cement mixture. 

2.3. Method 

2.3.1. Compressive strength 

This was be obtained by dividing crushing load (N) of the concrete by the cross-sectional area of 

the concrete cube (mm
2
). This was obtained after curing the concrete at 3, 7, 28, 60 and 90days 

respectively. In each of the hydration period, three cubes were casted, cured and crushed after 

which the average compressive strength was recorded. The dimension of the concrete cubes used 

is 150mm x 150mm x 150mm. The total number of concrete casted was ninety (90).  [14] 

Procedure: 

The mixture ingredients are batched as appropriate according to the mix design and placed in a 

cubic metal mould of 150mm by 150mm dimension. 

The concrete sample is demoulded after 24 hours and immersed in a curing tank. 

At the completion of the specified hydration period, the concrete samples are tested to determine 

its density and compressive strength properties. 

The strength properties for the compressive tests are computed with the failure load obtained 

from the crushing machine calculated as shown in equation below 

Compressive Strength (N/mm
2
)
 
= 

𝑐𝑟𝑢𝑠ℎ𝑖𝑛𝑔 𝐿𝑜𝑎𝑑

𝐶𝑟𝑜𝑠𝑠−𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝐴𝑟𝑒𝑎 𝑜𝑓 𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑆𝑎𝑚𝑝𝑙𝑒
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2.3.2. Flexural strength 

Ninety (90) concrete beams measuring 100m x 100mm x 400mm were casted and cured at 

varying hydration period from three to ninety days respectively. In each of the curing period, 

three beams were casted, cured and crushed after which the average flexural strength was 

recorded. 

The concrete’s flexural strength is calculated with the formula [7] 

(F.S) = PL/bd
2
 

where:  P =Load that causes beam failure (N) 

 L =Length of beam (mm) 

 b =Width of beam (mm) 

 d = Depth of beam (mm). 

2.3.3. Setting time 

This test was carried out in accordance with BS12 (1978) using VICAT apparatus. The VICAT 

apparatus have the initial and final setting pins for determination of the setting time of the 

cement-CPA mortar and that of the control. The initial setting pin is attached to the Vicat 

apparatus for the determination of the initial setting time of the cement-CPA mortar and it is 

calculated as the total duration from when water was initially added to the sample and the time 

the initial setting needle ceases to penetrate the Vicat mould of 5 mm. after the determination of 

the initial setting time, the initial setting pin is then detached from the apparatus and replaced 

with the final setting pin which is used to determine the final setting time of the cement-CPA 

mortar. The final setting time is calculated as the period from when water was initially added to 

the sample till the time the final setting pin makes an impression on the mould surface [15]. Fig. 

2 shows the vicat test in the laboratory. 

 
Fig. 2. Setting Time Laboratory Tests. 

2.3.4. Slump test 

The concrete slump test measures the consistency of fresh concrete before it sets. It is performed 

to check the workability of freshly made concrete, and therefore the ease with which concrete 

flows. It can also be used as an indicator of a proper and improperly mixed batch. The test is 

popular due to the simplicity of apparatus used and simple procedure. The slump test is used to 

ensure uniformity for different loads of concrete under field conditions. Slump test is a simple 
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technique used for the evaluation of concrete’s consistency and it is used for checking if the 

correct quantity of water is added to the concrete mix [16]. 

2.4. Data processing 

Data used for this research work will be sourced from material composition consisting of the 

cementitous portion of the concrete mix partially replaced by varying percentages of cassava 

peel ash as presented by several relevant literatures. The desired concrete’s target characteristic 

strength of 35N/mm
2
 with a cement content of 290 Kg/m

3
, a coarse aggregate content of 1198.75 

Kg/m
3
, a fine aggregate content of 766.35Kg/m

3
and a water cement ratio of 0.45. The cement 

content will be partially replaced with varying percentages of CPA from 0 to 40%. Correlation 

analysis and analysis of variances (ANOVA) is carried out with the control results and that of the 

varying replacement levels is carried to determine their significant levels at 5 % critical value. 

The laboratory responses will be obtained and evaluated using the following statistical software 

namely; Minitab 18 and Microsoft excel [17].  

The correlation formula is shown below;     

    


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2.4.1. Test mixture proportion 

The mix proportion of the mixture constituents comprising of cement, CPA, water and 

aggregates is shown in table 4 below; 

Table 1.  

Mix Proportions for the concrete work. 
Mixes % 

replacement of 

Cement 

Cement 

(Kg/m
3
) 

Fine 

Aggregate 

(Kg/m
3
) 

Coarse 

Aggregate 

(Kg/m
3
) 

CPA 

(Kg/m
3
) 

Water 

(Kg) 

Curing (Days) 

Mix-1 0 290 766.35 1198.65 0.00 115 3, 7, 28, 60, 90 

Mix-2 5 275.5 766.35 1198.65 14.50 115 3, 7, 28, 60, 90 

Mix-3 10 261 766.35 1198.65 29.00 115 3, 7, 28, 60, 90 

Mix-4 20 232 766.35 1198.65 58.00 115 3, 7, 28, 60, 90 

Mix-5 30 203 766.35 1198.65 87.00 115 3, 7, 28, 60, 90 

Mix-6 40 174 766.35 1198.65 116.00 115 3, 7, 28, 60, 90 

 

3. Results and discussion 

3.1. Physical properties of constituents’ aggregates 

The aggregates sieve analysis graph presents the particle size distribution of the fine and coarse 

aggregates used in the concrete mixture. From the results, 94.2 % and 1.2 % is passing sieve size 

2 mm and 75 m respectively for the fine aggregate and 97.66 % and 11.41 % passing sieve size 
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12.7 mm and 2 mm respectively for coarse aggregate.  For the cassava peel ash CPA, 75.45 % 

and 35.18 % are passing sieve size 0.15 mm and 75 m respectively. The semi-log graph is 

shown in fig. 3. 

 
Fig. 3. Particle Size Distribution of Test Aggregates. 

3.1.1. Fineness modulus (FM) 

Fineness modulus of the aggregates used which is the index number that represents the mean size 

of the aggregate particles gotten after performing sieve analysis with standard sieves. Obtained 

from the sieve analysis graph. The cumulative weight retained divided by 100 gives us the 

fineness modulus computed from the table 2 below; the smaller the value of FM, the finer the 

aggregates and vice versa. FM values ranging from 2.0 to 4.0 can be classified as a fine 

aggregate while higher value indicates coarse aggregates  [20]. 

Table 2.  
Fineness Modulus of the Test Aggregates. 
Sieve Size Weight 

Retained (g) 

% Weight 

Retained  

Cumulative % 

Retained  

Cumulative % 

Finer 

Fineness 

Modulus 

4.75 12.3 1.23 1.23 98.77  

 

 

3.18 

2.36 45.7 4.57 5.80 94.20 

1.18 161.8 16.18 21.98 78.02 

0.6 187.8 18.78 40.76 59.24 

0.425 191.2 19.12 59.88 40.12 

0.15 300 30.00 89.88 10.12 

0.075 89.2 8.92 98.80 1.20 

 994 99.40 318.33  
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3.2. Chemical composition of cement and cpa  

The chemical composition of the Cassava Peel Ash is presented in Table 3. From the result 

presents that the cassava peel ash has a combined ratio of Al2O3 + SiO2 + Fe2O3 totaled 81.83 %  

which is more than 70 % and that shows a good pozzolanic material according to the 

requirements of ASTM C618 (1991). The Cassava peel ash contains by percentage; 55.93, 19.88, 

9.85 and 6.02 for SiO2, Al2O3, CaO and Fe2O3 respectively. The specific gravity and loss on 

ignition for the Cassava Peel Ash is 0.35 and 12.5 respectively. The SiO2 and Al2O3 which is 

supplied by the Cassava Peel Ash reacts with Ca(OH)2 (which occurs when the CaO which is the 

dominant radical in cement becomes hydrated). The hydrated lime (Ca(OH)2) will then react 

with SiO2 and Al2O3 to develop a binding property which is made possible by a process known 

as pozzolanic reaction. Calcium alumino-silicate hydrate is formed which is responsible for gain 

of strength in concrete. The surface area of the Cassava Peel Ash is 310 kg/m
2
  [18,19]. 

Table 3.  
Chemical Composition of the Test Samples. 

Results of Physical and Chemical Analysis of Cassava Peel Ash 

Oxide Composition Percentage By Weight (%) 

MgO 3.2 

Fe2O3 6.02 

SiO2 55.93 

CaO 9.85 

Al2O3 19.88 

Na2O 0.98 

ZnO 1.4 

MnO 1.55 

specific gravity 0.35 

Loss on ignition 12.5 

SO4 Nil 

CuO Trace 

TiO2 Trace 

CdO Trace 
 

These analyses were carried out in PRODA, Enugu and The Chemical Composition of the 

cement is presented in table 4. 

3.3. Test on the fresh concrete 

3.3.1. Workability test result (slump) 

The results obtained indicates that value of the slump test reduces with increase in the cassava 

peel ash content in the concrete mixture by requiring more water in order to make the mixture 

more workable. The high requirement of water is as a result of the presence of silica and 

increased surface area for the ash sample. This is because of silica-lime reaction require more 
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water in addition to the water presented for the cement hydration reaction process [20]. The 

obtained result is presented in table 5. 

3.3.2. Setting time results 

From the obtained results, it was observed that the addition of CPA effected the increase of the 

initial setting time from 52 to 123 minutes; while that of final setting time also increases from 

591 to 788 minutes. This is because the addition of Cassava Peel Ash reduces the surface area of 

the cement paste to be added in the mixture. This causes a slowdown in the hydration process 

causing setting time to increase. The slow hydration means low rate of heat development. This is 

of great importance in mass concrete construction where low heat of hydration is required. The 

setting time result is shown in table 6; 

The graph of cement/cassava peel ash paste setting time versus % replacement is presented in 

figure 4. The result shows that the increase in cassava peel ash content leads to increase in both 

initial and final setting time of the cement/CPA paste. 

Table 4.  
Chemical Analysis of Dangote Cement. 

Results of Chemical Analysis of Dangote Cement 

Oxide Composition  Percentage by weight (%) 

K2O 0.46 

MgO 1.25 

Fe2O3 4.301 

SiO2 53.2 

CaO 11.52 

Al2O3 21.4 

Na2O 1.04 

specific gravity 3.1 

Loss on ignition 6.78 

Results of Physical Analysis of Dangote Cement 

Moisture content (%) 2.4 

specific gravity 3.15 

Bulk density (g/cm
3
) 2.95 

Fineness Modulus 0.88 

pH 8.8 

 

3.4. Mechanical property of the hardened concrete 

3.4.1. Compressive strength and density of the concrete 

The concrete’s compressive strength with respect to the different hydration periods and ratio of 

CPA replacement is shown in the table 7.  The obtained results indicates that the compressive 

strength values for the concrete mixed with CPA has low strength at early hydration period but 
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the strength development improves rapidly with longer hydration period. However, the strength 

decreases with higher ratio of CPA in the concrete mix. 

Table 5.  
Slump test results. 

for concrete cubes (mm) 

 

3-d 7-d 28-d 60-d 90-d 

0% repl 8.2 8.5 7.8 8 8.7 

5% repl 7.4 7.5 6.2 7.5 7 

10% repl 7 7 6.9 7.1 6.5 

20% repl 5.8 5.3 5 5.5 5 

30% repl 4.3 4.5 4.1 4.5 4.4 

40% repl 3 3.2 3.1 3 3.4 

for concrete beams (mm) 

0% repl 8.8 8 7.9 8 8 

5% repl 8 7.4 7.4 7.5 7.5 

10% repl 7.7 6.8 6.8 6.9 7 

20% repl 5.2 5.3 5 5.1 5.1 

30% repl 4.6 4.2 4.7 4.9 4 

40% repl 2.5 3.1 2.9 3 2.8 

 (-d) signifies days of cement hydration. 

Table 6.  
Setting time results of the Mixture samples. 

Setting time 

Repl Ratio (%) Initial Mins Final Mins 

0 52 591 

5 55 596 

10 74 655 

20 80 673 

30 98 709 

40 123 788 

 

3.4.2. Flexural strength and density of the concrete 

The concrete’s flexural strength of the with respect to varying hydration periods and mixed 

proportions is shown in the table 8 below. The obtained results indicates that similar to the 

compressive strength results, the flexural strength of the concrete is minimum at early period of 

hydration while the strength improves rapidly with longer hydration period. However, the 

flexural strength also decreases with higher ratio of CPA in the concrete mix. 
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Fig 4. Setting time versus % replacement of CPA 

Table 7.  
Compressive Strength of Cassava Peel Ash Concrete. 

 

3-d (N/mm
2
) 7-d (N/mm

2
)

 
28-d (N/mm

2
)

 
60-d (N/mm

2
)

 
90-d (N/mm

2
)

 

0% repl 13.93 21.93 29.33 33.17 35.23 

5% repl 12.56 19.41 27.56 31.48 33.26 

10% repl 10.15 15.73 26.19 30.52 32.67 

20% repl 8 13.41 25.11 28.07 30.74 

30% repl 5.93 11.33 23.26 26.77 29.93 

40% repl 5.3 8.44 21.93 22.74 25.04 

-d means hydration period (days) 

 

Table 8.  

Flexural Strength of Cassava Peel Ash Concrete 

 

3-d (N/mm
2
) 7-d (N/mm

2
)

 
28-d (N/mm

2
)

 
60-d (N/mm

2
)

 
90-d (N/mm

2
)

 

0% repl 4.67 7.7 13.18 14 16.8 

5% repl 3.33 5.25 10.73 12.48 15.17 

10% repl 2.16 4.08 8.98 10.15 13.42 

20% repl 1.34 3.5 7.58 8.98 12.13 

30% repl 1.11 2.57 5.72 7.47 10.73 

40% repl 0.82 1.52 5.02 6.07 8.98 

-d means hydration period (days) 
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3.4.3. Compressive and flexural strength vs. concrete hydration period 

The graph of average compressive and flexural strength of concrete versus hydration period of 

concrete is shown in figs.5 and 6. From the graph, it was observed that the compressive and 

flexural strength value obtained as compared to that of the control (0 % replacement)was very 

low and minimum at 40 % replacement for the earlier period of hydration (i.e. 3 -7 days). At 

moderate period of hydration (i.e. 28 days), relative increase in the strength properties were 

recorded while at longer hydration periods (i.e. 60 - 90 days), there is higher increase in the 

strength values obtained which indicates the commencement of the pozzolanic action which is as 

a result of the reaction of the CPA with the calcium hydroxide liberated during hydration of 

cement. And also the strength gain can be attributed to the cementitious products formed as a 

result of hydration of cement and those formed when lime reacts with the pozzolan incorporated 

which happens at longer period of hydration of the concrete samples. 

 
Fig. 5. Graph of compressive strength versus concrete curing age. 
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Fig. 6. Graph of Flexural strength versus concrete curing age. 

3.4. Pozzolanic activity index (pai) 

For the evaluation of pozzolanic activity of the CPA with cement, ASTM standard C618 – 78 

prescribed the measurement of a pozzolanic activity index. This is established by the 

determination of strength of mixtures with a specific replacement of cement with pozzolana  

PAI =
Crushing Strength of 35 % repl. of cement with the Cassava Peel Ash at 28 days

Crushing Strength at 28 days for the Control test
 

%8.75100
33.29

22.20


 

Pozzolanic activity index is approved as a direct parameter for assessing pozzolanic activity of 

pozzolan. The pozzolanic activity index at %8.75  meet to demand of ASTM C618-00 Standard 

Specification. Therefore, the CPA is mechanically suitable for use as pozzolan in cement-based 

composite [15].  

3.5. Statistical analysis and validation of results 

3.5.1. Correlation analysis 

The compressive and flexural strength of the concrete were averaged with respect to the three 

replicates and arranged as shown in table 9. This statistical analysis helps to establish 

relationships among the variables. 
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Table 9.  
Parameters for the Correlation Analysis. 

Compressive Strength (N/mm
2
) 

hydration period 

0% 

repl 

5% 

repl 10% repl 20% repl 30% repl 35% repl 40% repl 

90 days 35.23 33.26 32.67 30.74 29.93 29.90 25.04 

60 days 33.17 31.48 30.52 28.07 26.77 25.54 22.74 

28 days 29.33 27.56 26.19 25.11 23.26 20.22 21.93 

7 days 21.93 19.41 15.73 13.41 11.33 11.15 8.44 

3 days 13.93 12.56 10.15 8.00 5.93 5.44 5.30 

Flexural Strength (N/mm
2
) 

hydration period 0%repl 

5% 

repl 10% repl 20% repl 30% repl 35% repl 40% repl 

90 days 16.80 15.17 13.42 12.13 10.73 10.28 8.98 

60 days 14.00 12.48 10.15 8.98 7.47 7.35 6.07 

28 days 13.18 10.73 8.98 7.58 5.72 5.48 5.02 

7 days 7.70 5.25 4.08 3.50 2.57 2.45 1.52 

3 days 4.67 3.33 2.16 1.34 1.11 1.05 0.82 

 

The statistical analysis was carried out using Minitab 18 Software and the correlation result is 

presented in the table 10. 

Table 10.  

Correlation analysis results. 

Compressive Strength Results 

 

0% repl 5% repl 10% repl 20% repl 30% repl 35% repl 40% repl 

0% repl 1 

      5% repl 0.998838 1 

     10% repl 0.992269 0.996988 1 

    20% repl 0.989473 0.994601 0.998559 1 

   30% repl 0.989094 0.994404 0.999043 0.999607 1 

  35% repl 0.987102 0.990632 0.993797 0.989628 0.992967 1 

 40% repl 0.967866 0.976693 0.986412 0.99304 0.99102 0.969559 1 

Flexural Strength Results 

 

0% repl 5% repl 10% repl 20% repl 30% repl 35% repl 40% repl 

0% repl 1 

      5% repl 0.994248 1 

     10% repl 0.994008 0.99796 1 

    20% repl 0.992173 0.9961 0.998928 1 

   30% repl 0.97395 0.986435 0.991464 0.994622 1 

  35% repl 0.974731 0.987999 0.991618 0.99479 0.999734 1 

 40% repl 0.975946 0.98929 0.993896 0.9932 0.996331 0.995682 1 
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The result shows a consistent and slight decrease in the correlation value from 0.9988 for 5 % to 

0.9678 for 40 %replacement of the cement by CPA for the compressive strength while for the 

flexural strength, 0.9942 was obtained for 5 % and the correlation value decreased consistently to 

0.97594 for 40 %replacement of the cement by CPA. From the results, it is observed that 

concrete with 5 %replacement of the cement by CPA performed better than the rest and thus the 

optimum combination level is between 5 % to 10 %replacement of the cement by CPA. 

4. Conclusion and recommendation 

In this study the effect and characterization of CPA concrete was assessed for the use of CPA 

which is an industrial/agricultural waste derivative for concrete production.  

CPA was used to replace the cement content in the concrete varying replacement ratio was 

investigated in this study varying from 0 % to 40 % and also 35 % for the calculation and 

generation of the pozzolanic index of the CPA; this was obtained for varying hydration periods 

ranging from 3 days to 90 days.  

The general physical behavior of the concrete aggregates, sieve analysis, fineness modulus and 

specific gravity was obtained to assess the gradation parameters and from the chemical analysis 

of the CPA samples, the total sum of Fe2O3, SiO2, and Al2O3 is greater 70 % which indicates a 

good pozzolanic material.  

The slump test carried out to assess the impact of cassava peel ash replacement ratio on the 

workability of the concrete. The results indicate that there is an indirect proportionality between 

the slump value and the replacement ratio. 

The chemical composition of the cement and CPA is then generated to determine the dominant 

elemental oxides which would aid the pozzolanic reaction between the partially replaced cement 

paste and water. The surface area of 310 Kg/m
2 

was also obtained. 

The setting time results shows that the addition of CPA increases the initial and final setting time 

of the partially replaced cement paste. 

The compressive strength was carried out for varying hydration periods to investigate the effect 

of CPA on early strength gain in concrete at prescribed replacement levels by cassava peel ash. It 

was observed that CPA concrete’s strength is minimum at early stage but grows with longer 

hydration period but the concrete’s compressive strength diminishes when the replacement ratio 

is increased from 5 % to 40 %. 

The flexural strength result shows a better performance for the 5 % replacement while the 

flexural strength reduces with increased replacement ratio as observed in the compressive 

strength test results. This property also decrease with increased level of CPA content. 

The pozzolanic activity index which is a direct parameter for assessing the pozzolanic activity of 

pozzolan is adapted in this study in accordance with ASTM standard C618-78 prescribed for the 

measurement of a pozzolanic activity index. With the index score of 75.8 %, it shows a 

satisfactory pozzolanic activity index for the cassava peel ash sample for concrete works. 
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The statistical analysis results shows a consistent decrease in the correlation value from 0.9988 

for 5 % to 0.9678 for 40 % replacement of the cement by CPA for the compressive strength while 

for the flexural strength, 0.9942 was obtained for 5 % and the correlation value decreased 

consistently to 0.97594 for 40 % replacement of the cement by CPA. 

Compliance with ethical standards 

Conflict of interest  

There are no recorded conflicts of interests in this research work. 

Abbreviations 

PAI – Pozzolanic activity index 

CPA – Cassava-Peel-Ash 

SCM – Supplementary Cementitous Materials 

References 

[1] Shafigh P, Mahmud H Bin, Jumaat MZ, Zargar M. Agricultural wastes as aggregate in concrete 

mixtures – A review. Constr Build Mater 2014;53:110–7. doi:10.1016/j.conbuildmat.2013.11.074. 

[2] Lothenbach B, Scrivener K, Hooton RD. Supplementary cementitious materials. Cem Concr Res 

2011;41:1244–56. doi:10.1016/j.cemconres.2010.12.001. 

[3] Onyelowe K, Salahudeen AB, Eberemu A, Ezugwu C, Amhadi T, Alaneme G, et al. Utilization of 

Solid Waste Derivative Materials in Soft Soils Re-engineering, 2020, p. 49–57. doi:10.1007/978-3-

030-34199-2_3. 

[4] Salau MA, Ikponmwosa EE, Olonode KA. Structural Strength Characteristics of Cement-Cassava 

Peel Ash Blended Concrete. Civ Environ Res 2012;2:68–77. 

[5] Rahhal V, Talero R. Calorimetry of Portland cement with metakaolins, quartz and gypsum 

additions. J Therm Anal Calorim 2008;91:825–34. 

[6] Alaneme George U, Mbadike Elvis M. Optimization of flexural strength of palm nut fibre concrete 

using Scheffe’s theory. Mater Sci Energy Technol 2019;2:272–87. 

doi:10.1016/j.mset.2019.01.006. 

[7] Massazza F. Pozzolana and pozzolanic cements. Lea’s Chem Cem Concr 1998;4:471–631. 

[8] Mikulčić H, Klemeš JJ, Vujanović M, Urbaniec K, Duić N. Reducing greenhouse gasses emissions 

by fostering the deployment of alternative raw materials and energy sources in the cleaner cement 

manufacturing process. J Clean Prod 2016;136:119–32. doi:10.1016/j.jclepro.2016.04.145. 

[9] Ofuyatan OM, Ede AN, Olofinnade OM, Oyebisi SO, Alayande T, Ogundipe J. Assessment of 

strength properties of cassava peel ash-concrete. Int J Civ Eng Technol 2018;9:965–74. 

[10] Hewayde E, Nehdi ML, Allouche E, Nakhla G. Using concrete admixtures for sulphuric acid 

resistance. Proc Inst Civ Eng - Constr Mater 2007;160:25–35. doi:10.1680/coma.2007.160.1.25. 

[11] Benezet J., Benhassaine A. Grinding and pozzolanic reactivity of quartz powders. Powder Technol 

1999;105:167–71. doi:10.1016/S0032-5910(99)00133-3. 

[12] BS EN 196-5:1996, Methods of testing Cement. Pozzolanicity test for pozzolanic cements, British 



28 Ch. Ogbonna et al./ Computational Engineering and Physical Modeling 3-2 (2020) 12-28 

 

Standards Institute, 389 Chiswick high Road, London, W4 4AL. n.d. 

[13] ASTM specification C618 – 78. “Specification for fly ash and raw or calcined natural pozzolan for 

use as a mineral admixture in Portland Cement Concrete”. n.d. 

[14] ALANEME GU, Mbadike E. Modelling of The Compressive Strength of Palm-Nut-Fibre 

Concrete Using Scheffe’s Theory. Comput Eng Phys Model 2020;3:31–40. 

[15] ASTM C191 Standard test method for time of setting of hydraulic cement by Vicat needle. n.d. 

[16] Chappex T, Scrivener K. Alkali fixation of C–S–H in blended cement pastes and its relation to 

alkali silica reaction. Cem Concr Res 2012;42:1049–54. doi:10.1016/j.cemconres.2012.03.010. 

[17] Alaneme George U, Mbadike Elvis M. Modelling of the mechanical properties of concrete with 

cement ratio partially replaced by aluminium waste and sawdust ash using artificial neural 

network. SN Appl Sci 2019;1:1514. doi:10.1007/s42452-019-1504-2. 

[18] Mbadike EM, Ogbonna C, Nwokeke K. Effect of Cassava Peel Ash on Lateric Soil Stablized with 

Bitumen 2016;95:41109–12. 

[19] Owolabi TA, Popoola OO, Wasiu J. The Study of Compressive Strength on Concrete with Partial 

Replacement of Cement With Cassava Peel Ash. Acad Arena 2015;7:1–4. 

[20] Ikponmwosa EE, Olonade KA. Shrinkage Characteristics of Cassava Peel Ash Concrete. Pacific J 

Sci Technol 2017;18:23–32. 

 


	1. Department of Civil Engineering, Michael Okpara University of Agriculture, Umudike, P. M. B. 7267, Umuahia 440109, Abia State, Nigeria
	Corresponding author: ogbonnachimmaobi@gmail.com
	1. Introduction
	2. Experimental materials and investigation methods
	2.1. Experimental program
	2.2. Materials
	2.3. Method
	2.3.1. Compressive strength
	2.3.2. Flexural strength
	2.3.3. Setting time
	2.3.4. Slump test

	2.4. Data processing
	2.4.1. Test mixture proportion


	3. Results and discussion
	3.1. Physical properties of constituents’ aggregates
	3.1.1. Fineness modulus (FM)

	3.2. Chemical composition of cement and cpa
	3.3. Test on the fresh concrete
	3.3.1. Workability test result (slump)
	3.3.2. Setting time results

	3.4. Mechanical property of the hardened concrete
	3.4.1. Compressive strength and density of the concrete
	3.4.2. Flexural strength and density of the concrete
	3.4.3. Compressive and flexural strength vs. concrete hydration period

	3.4. Pozzolanic activity index (pai)
	3.5. Statistical analysis and validation of results
	3.5.1. Correlation analysis


	4. Conclusion and recommendation
	References

