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Green synthesis of zinc oxide nanoparticles (ZnONPs) from cassava leaf (Manihot esculenta) 
and its application as a corrosion inhibitor for mild steel in 1M hydrochloric acid

1 2A.O. Okewale  and B.H Akpeji

Abstract

Introduction
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Materials and Methods
Reagents

Materials 

Method
2.1 Extraction and Phytochemical Screening of Cassava Leaf
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2.2 Green synthesis of ZnONPs from Cassava Leaf (Manihot esculenta)
2.2.1 Preparation of Plant Extract

2.2.2 Preparation of 0.01M Zinc Acetate

2.2.3 Preparation of 1M NaOH

2.2.4 Preparation of 1M HCI

2.2.5 Synthesis of Zinc Oxide Nps from Cassava Leaf (GLZnONps)
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2.2.6 Purification of ZnO Nps

Results and Discussion

Figure 1: Process flow diagram for the synthesis of Zno nanoparticle from cassava leaf
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Figure 2: UV-Vis Spectroscopy of CLZnO Nps
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Figure 3: Tauc’s plot for CI-ZnO Nps
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Figure 4: Fourier Infra-red (FTIR) of the CL-ZnO Nps

3.4 Corrosion Potential of ZnONPs (Weight loss)

Figure 5a: Weight loss with time for Inhibitor Concentration
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Figure 5b: Weight loss with Inhibitor Concentration at different exposure time.
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Figure 6a: Variation of Corrosion rate with Inhibitor Concentration at different exposure
time.

Figure 6b: Variation of Corrosion rate with time for different concentrations of ZnO NPs.

Surface Coverage and Inhibition Efficiency Analysis

Both surface coverage and inhibition efficiency was calculated using equations 7 and 8

respective;y;
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Figure 7a: Variation of Surface coverage with inhibitor concentration at different time
interval

Figure 7b: Variation of Inhibitor Efficiency (%) with Inhibitor Concentration (ppm)
Conclusion
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In this research work, production of  biodiesel from khaya senegalensis with methanol through 
homogeneous catalyzed transesterification was reported. The quality of  the purified biodiesel obtained 
in optimal conditions was characterized by FT-IR and GC–MS. Khaya senegalensis was investigated in 
this research due to regional availability, and limited previous studies on this subject was conducted on 
the feedstock. Principally, this research established the chemical characteristics - compositions, the 
essential components, the percentiles, and the quantitative transformation of  desired components from 
the crude oil to the biodiesel as processed from Khaya senegalensis. 
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Experimental Determination and Analysis of Harmonic Characteristics of Domestics Electric
Lamps

 1 2 3
*Ojo A.J , Ogunlowo  M and Akinwole O.O

Department of Electrical & Electronic Engineering

The Federal Polytechnic, Ado Ekiti

ABSTRACT 

1.    INTRODUCTION
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2.    THEORETICAL AND MATHEMATICAL ANALYSIS

Figure 1 (a): Linear relationship between voltage and current (9).
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Figure 1 (b): Non-linear relationship between voltage and current (9)

2.1 Harmonic distortion

Even harmonics

Odd harmonics
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2.2  Harmonic Analysis Methods

Fourier Analysis
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2.4   Harmonics Classification

2.5   Harmonics Distortion Limits

Table 3: Harmonic Voltage Limits, IEEE Standard 519-1992

Table 3: Harmonic Current Limits, IEEE Standard 519-1992
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3.  EXPERIMENTAL SET-UP AND MEASUREMENT (METHODOLOGY)
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Figure : Experimental setup for power quality measurement with DENT Power logger

4.  RESULTS AND DISCUSSION
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5.  CONCLUSION 

Figure : Power Factor of the bulbs
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Keywords: Cement, Kiln modelling, Energy performance, Alternative fuel, Emission.

1.0 Introduction
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Azad Rahman et al; [2], Emad et al; [3] and Miller [9] came up with a model in form of a process of a 
precalciner kiln system. This was done using Aspen Plus software to bring about the effect of 
alternative fuels on energy performance and environmental pollutants generally. The other fuels 
used include; tyre, municipal solid waste (MSW), bone meal (MBM), plastic waste, sugarcane 
bagasse and meat. Using the cement plant as a reference, the developed energy and mass balance of 
the system was validated. The clinker's quality was also investigated by the group to determine its 
effect as an alternative fuel. 
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2.0  Methodology

2.1  Extraction of data

2.2   Modelling
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2.2 Process simulation and description

2.3 Model equations
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Figure 1: Converged Model of Rotary Kiln System (Aspen Plus v8.0)
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3.1 Alternative Fuels Performance

3.0 Results and Discussion
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3.2 Environmental performance
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3.4. Exergy efficiency

3.3 Thermal stability
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3.5   Energy Costing

Table 2: Cost Analysis of Coal and Alternative Fuel at different Configurations

4.0   Conclusions 
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emissions, thermal stability and cost effectiveness. Used tyre, municipal solid Waste (MSW) and 
sugarcane bagasse were the three alternative fuels used. 
The model confidence was established with the aid of Obajana plant data, literature data, and acceptable 
limit. The model was validated with reference cement plant data, and the validated model was run for the 
selected alternative fuels. In the reference condition, it was noticed that selected alternative fuels had a 
minimum influence on clinker quality except for MSW.  MSW was particularly capable of reducing CO  2

emissions while sugarcane bagasse increased it. Though the three alternative fuels were found to be cost-
effective (with MSW having the potential to save 613.92 $/hr in 30% fuel mix), used tyre was found to be 
the best option due to its ability to reduce CO  emission while ensuring thermal stability both in terms of 2

exergy efficiency and kiln outlet temperature, coupled with its worldwide availability.
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Key words: OPC: PS: CS, Ternary Blend, SCC, Percent substitution

1.   INTRODUCTION

ABSTRACT

1 2
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The surface resistivity and shrinkage outcomes of binary and ternary mixtures were equal to or better 
than the regular combination. They recommended additional tests on other mechanical and 
durability properties of the different blends. Ghrici, Kenas & Said-mansour [12], investigated the 
effect of combining silica fume on the mechanical properties and durability of cements containing 
natural pozzolana, test results confirm that the use of ternary cements contributes to the 
enhancement of strength at an initial phase. Improved resistance to sulphate and acid attacks and low 
chloride ions permeation likewise enhanced durability. Obute et. al.[9], studied, a ternary mixture of 
OPC, Cassava Peel Ash (CPA), and Rice Husk Ash (RHA) which were used as the cement in 
concrete production. The concrete mix was prepared to set CPA at 5% for all combinations while the 
RHA was replaced at 0 to 25% of the total blend. With a 0.65 water/binder ratio, an optimal strength 
was attained at 20% substitution of CPA (5%) and RHA (15%).

The part substitution of cement with CPA – RHA in concrete also clearly influencedthe concrete's 
water absorption characteristics. Summarizing the experimental investigations on Strength 
characteristics of concrete containing fly ash and micro silicaternary blends in the last decade, 
Harishav, Mukesh & Sohit [13], stated that most of the studies were of the view that the materials (fly 
ash and micro silica) are thoroughly safe for use in any environment and they complement each other 
in blends. Saleh et. al.[14], reported the laboratory study to establish the prospect of using Palm Oil 
Fuel Ash (POFA) and Rice Husk (RH) in developing green unfired bricks where 2% - 10% of POFA 
and 1% - 5% RH were used in brick production. Addition of POFA was intended to lessen the cement 
usage and RH was meant to be part substitution of sand in the blend. Their result showed that adding 
POFA and RH led to the reduction of the density of the bricks while the compressive strength also 
decreases in comparison to the conventional brick.
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2.    MATERIALS AND METHODS

It can be concluded from the literature above that numerous researches involving binary and ternary 
blends had been performed experimentally in order to determine some mechanical and durability 
properties of concrete, which revealed that the ternary blends are superior to the dual combinations.

One of the Author's in this research reported a study on the use of binary blends of palm oil husk ash 
and coconut shell ash, with cement individually in green concrete production, where Danjuma & 
Amamat [15] found out that their binary blend of palm oil husk ash indicated a compressive strength 
close to that of their regular concrete at 28 days while the coconut shell ash blend did not measure up. 
Hence, the idea of a ternary blend was born. Envisaging the possibility of a synergistic combination 
where the ternary mixture/blend properties will be superior to that of the binary blend. It is hoped 
that this will minimize the demerit of any of the individual constituents and in the same vein 
maximize their collective strengths. 

The focus of this research is to determine the effect of a ternary blended cement comprising Ordinary 
Portland Cement, Palm-kernel Shell ash and Coconut Shell ash(OPC: PS: CS) used at various levels 
of substitution of the components,on the workability and compressive strength of concrete and 
suggest an optimum amount of the ternary cement to be used for concrete production

2. MATERIALS AND METHODS

2.1 MATERIALS
The materials used for this experimental work are: Cement, Palm kernel shell ash, coco nut shell ash, 
Sand, gravel, and water; with the deliberate exclusion of an admixture, hence, a fairly high water 
binder ratio of 0.63 was adopted to make the mix suitably workable.
Cement  
In this study, the Ordinary Portland Cement (OPC) type 1(42.5N), produced by Dangote Cement 
Limited, Obajana, being one of the Nigeria largest cement producer and as such easily accessible in 
almost every part of Nigeria was used for all the mixes required. This cement conforms to the 
requirements of the British Standard Code, [16]. To prevent the cement from being exposed to 
moisture and hardened before usage, it was kept in air tight packages and stored inside the laboratory 
store.
Palm-kernel Shell ash (PS ash)
The palm kernel shell burnt to ash in this research work was obtained from Zaria city, Zaria Local 
Government Area of Kaduna State, Nigeria. Though Zaria does not locally grow palm fruits, but the 
oil, fruits and kernels are in abundance because it is a metropolitan area that enjoys trade between the 
northern and southern part of Nigeria. The ash was sieved using sieve number 200 (75µm) in order to 
make sure it is of suitable uniformity and only ash particles that pass through sieve was used in the 
concrete preparation. 
Coconut Shell ash (CS ash)

The coconut shells were obtained from a coconut seller in Zaria metropolitan area, Zaria local 
Government Area of Kaduna state. It was sun dried for 4 days, in order to reduce its moisture to the 
barest minimum and burned thoroughly in open air. The dust retrieved from the burning was sieved 
using sieve number 200 (75µm) and then collected for use.

The palm kernel shell ash (PS ash) and coconut shell ash (CS ash) were then blended in equal 
proportion (i.e. in same ratio 1:1) to produce the PS: CS ash used in the study.
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3.  RESULTS AND DISCUSSION
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all substitutions saw a decrease in compressive strength, with the exception of 2.50per-cent and 
15per-cent substitutions that increased. At 28days only the regular exceeded the targeted strength 

2 2of 20N/mm  with a compressive strength of 27.9N/mm  while 2.5, 5, and 10 per-cent partial 
2.

substitution followed closely with an average of 19.67N/mm  According to Danjuma & Amamat 
[15], the reduction in compressive strength of the part substituted concrete may be due to a low 
proportion of Calcium Oxide in the PS ash, and low calcium oxide and silicate oxide in CS ash, 
because the dual oxides are the main components of OPC cement and are principally answerable 
for its strength progression.
So, as the cement content is gradually substituted by the ash, the amount of cement for hydration 
is reduced, therefore, the strength of the concrete declines. This implies that PS: CS ash fractional 
replacement of a maximum of 10per-cent could be used as a SCC of cement in concrete 
successfully, especially lightweight concrete. The decrease in strength observed at 28 days 
should not be considered as a drawback in the use of pozzolanic blended cements as it has been 
documented by other researchers such as Olowe & Adebayo [24], that beyond 28 days, their 
strengths even exceeds those made from of the regular OPC cement.
The researchers attributed the strength gain to the continuation of cement hydration or the 
reaction of the pozzolana with lime or even the slowing of rate of hydration allowing the 
development of heavier hydrates of strength enhancing C S. Jonida et. al. [26], attributed the later 2

age strength gain in pozzolanic concrete to the reaction of SiO  present in the pozzolana with free 2

lime Ca(OH)  acquired through cement hydration in an additional reaction as time passes to form 2

calcium silicate hydrate (C-S-H).

4. CONCLUSION AND RECOMMENDATIONS
The workability of the fresh ternary blended concrete decreases with increase in percent substituted 
pozzolanic ash. 
At 7 days all the pozzolana containing concrete exhibited early strength compared to the regular 
Concrete
At 28 days, all the P S: CS ash partly replaced concrete displayed lower compressive strength in 
comparison to the regular concrete
The least amount of the ternary cement for usage in concrete is 2.5% while the optimum amount is 
10%
More research and development in order to better understand the chemical and other mechanical 
properties of such ternary cements and their concretes should be undertaken. Such mechanical tests 
may include: tensile strength, corrosion and abrasion resilience; drying shrinkage, microstructure 
etc.
Longstanding studies on the development of strength as well as durability aspect of concrete 
containing ternary mixtures and other green concrete is necessary.
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COMPARATIVE STUDY OF AMERICAN CONCRETE INSTITUTE (ACI) 
AND COUNCIL FOR THE REGULTION OF ENGINEERING IN NIGERIA 
(COREN) MIX DESIGN MANUALS 

ABSTRACT
COREN mix design method for Nigeria and ACI method are both based on the basic principles and 
empirical relations, developed after substantial experiments of locally available materials. However, 
some minor differences are seen in the quantities of the material used for mix proportion, which 
includes the cement,aggregate (fine and coarse)and water content which attributes to the variation in 
strength of concrete. In ACI method, the quantities of fine aggregateswere calculated, while the 
reverse is the case in COREN mix design method. The results indicate that the COREN method of 
mix design requires higher cement content than ACI method, and the water/cement ratio is higher in 
ACI method compare to COREN mix method. Although, the coarse aggregate content in COREN 
mix method is higher than the ACI mix method, from correlation and deviation between design and 
actual strength, it shows that COREN mix method is reliable and its meet the 25Mpa strength 
requirements than the ACI mix method.

Keywords: ACI Mix Method, COREN Mix Method, Ordinary Portland Cement, River Sand, Gravel.

1.0 INTRODUCTION

Concrete is a material similar in shape and appearance to natural limestone rock but formed by 
artificial binding together of natural or artificial stone with sand, cement and water [1]. The water 
cement ratio is usually the governing factor that determines the strength of concrete, other factors 
such as mix ratio, aggregate grading and quality or type of cement also play significant role to 
determine the strength of concrete. Due to the significant of mix ratio, mix design is usually done 
prior to the production of concrete [2].
Development of infrastructure has become the number one priority in the world particularly for 
developing countries like Nigeria, this has been jeopardized by increase in the price of conventional 
building materials including cement which is one of the major ingredients used in concrete 
production and has inevitably put inflationary pressure on the economy as construction materials 
become more expensive [3]. In designing a concrete mix, the primary objective is to select suitable 
constituent materials and determine their required amounts in order to produce concrete of specific 
characteristics and properties as economically as possible [4], [5]. 
Generally, concrete mix design includes two main steps:  Selection of the main components suitable 
for the concrete (cement, aggregate, water, and additives) and determination of more economical 
mix ratios to fulfill performance and efficiency requirements [6]. Many international methods of 
mix designs have been developed by different countries such as American concrete institute (ACI), 
British Standard (BS) methods, India Standard (IS) which will not give the same strength if used in 
another area as a result of the difference in the properties of materials locally available in the country.
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Concrete mix design is a process of specifying the proportion of ingredients (cement, aggregates, sand 
and water) required to meet anticipated properties of concrete in both fresh and hardened states [5], [7]. 
Concrete mix design is a well-established practice around the world. All developed countries, as well as 
many developing countries, have standardized their concrete mix design methods. 

ACI and COREN are mostly based on empirical relations, charts, graphs, and tables developed as 
outcomes of extensive experiments and investigations of locally available materials. All of those 
standards and methods follow the same basic trial and error principles [1]. In 2017, the Council for the 
Regulation of Engineering in Nigeria, COREN, present the concrete mix design manual for Nigeria, 
thus, the scope of this study is to compare ACI and COREN recommended mix design guidelines [8]. 

The scope of this work is to compare ACI concrete mix design method and COREN concrete mix 
design guidelines which involves determination of the physical properties of aggregates, determining 
the proportions of the materials in both mix design methods and the determination of the compressive 
strengths. The scope of this work is limited to absolute volume and concrete mixdesign for compressive 
strengths less than 40MPa.

2.0 LITERATURE REVIEW
Fresh or hardened concrete behaviour depends basically on the characteristics of its components and 
the relationship between them. Therefore, obtaining a concrete with certain properties depends 
fundamentally on the concrete mix design [4],[6]. Generally, concrete mix design includes two main 
steps:  

a. Selection of the main components suitable for the concrete (cement, aggregate, water, and 
additives).

b. Determination of more economical mix ratios to fulfill performance and efficiency 
requirements [6].

Currently, there are many international methods locally approved for mix designs such as American 
Concrete Institute (ACI) and British Standard (BS) methods.Some of the prevalent concrete mix design 
methods are:
a) ACI Mix Design Method, 
b) USBR Mix design practice, 
c) British Mix design Method, and 
d)  ISI Recommended guidelines.

Some research works have been carried out which gives some basic ideas about comparison of 
BIS (Bureau of Indian Standards) and ACI(American Concrete Institute) method of concrete 
mix design. Deepak [9], investigated the comparison of BIS (Bureau of Indian Standards) and 
ACI (American Concrete Institute) methods ofconcrete mix design.However, both methods 
are built on the basis of some basic principles and empirical relations but some 
minordifferences exist between them. M25, M35 and M45 grades of ordinary strength, 
medium strength and higher strength were chosen. 27cubes specimens (15 cm sides) and 
27cylindrical specimens (15 cm diameter, 30 cm height) were prepared by BIS and ACI 
concrete mixdesign methods respectively. 
These specimens were tested after 7days, 14 days and 28 day of curing. Materials (ordinary 
portland cement, coarse aggregates of 10mm and 20mm, natural river bed fine aggregates, sika 
viscocrete 4005 and water) quantities (M25, M35 and M45) required formanufacturing one cubic 
meter concrete by both methods were calculated numerically under codal provisions. Some                                                     
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differences werefound in quantities calculated by both methods. Major differences were noticed in 
compressive strengths of specimens made by bothmethods. It was also noticed that cracked 
specimens of both methods show a great similarity in their cracking pattern.
Greatersimilarities were found between the shapes of brokenspecimens after 28 days compressive 
strength test. It was alsoobserved that M25 samples collapse by gentle crushing. M35samples and 
M45 samples get fractured by sudden brittlefracture. It was also observed that the shape of 
brokenspecimens changes with respect to increase in strength.

Nataraja [10],examined the procedure ofcalculating the material quantities of both methods and 
drewan idea that in case of ACI method, fine aggregate should be calculated after calculating the 
coarse aggregate content. Healso found that as the strength requirement increases, the 
sandrequirement goes on decreasing due to the relative low grade of available cement at the time in 
India and also due to limited research data during the time of research.

Singh and Verma [11],suggested that thehighest amount of aggregates should be used in BIS method 
and least in ACI method. For M25 grade the BIS method shows avast increment in the split tensile 
strength as compared toM20 and achieved highest strength among the rest of themethods.Generally, 
the behavior of M20 in terms ofmechanical properties of concrete wasbetter than that of the M25, the 
performance ofconcrete designed for ACI method was useful forthis grade of concrete.
Deepa [12], carried outcompressive strength of concreteusing different mix design methods and 
reported that the fine aggregate content in ACI is morethan the BIS method of concrete mix design. 
He also observed that in BIS method of concrete mix design the coarseaggregate content is more 
than that of ACI method. 

3.0 MATERIALS AND METHODS

3.1 Materials
For the purpose of this research the materials used includes; ordinary portland cement, river sand, 
gravel of 20 mm size and water. The ordinary portland cement used in this study was obtained from a 
mini depot in Minna, Niger State,while the river sand and gravel were obtained from a supplier at 
kpakungu road in Minna, Niger State. The water used was obtained from the tap, it was colourless, 
odourless and free from organic materials.

3.2 Methods
The tests carried out are;

i. Sieve analysis test (determination of the particle size distribution).
ii. Specific gravity 
iii. Bulk density
iv. Slump test
v. Compressive strength test of concrete cubes

3.2.1 Sieve analysis

This test is a method of separation of soil into fractions based on the particle size. It expresses 
quantitatively the proportion by mass of various sizes of particle present in a soil.  Material retained 
in the number 4 sieve (4.75mm) is considered as coarse aggregate; material passing in the number 
200 sieve (75µm) is considered as fine aggregate and is referred as micro-fines [8]. 

3.2.2 Specific gravity
The determination of specific gravity test was carried out according to BS 1377 (2016). It is the ratio 
between the unit mass of solid particles and water. Determination of the volume of a mass                     
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where:
G is the specific gravitys

M is the weight of density bottle (g)1

M is theweight of density bottle and dry sample (g)2

M is theweight of bottle, sample and water (g)3

M is theweight of bottle and water only (g)4

3.2.3 Slump test
Slump test is one of the tests used in the determination of workability of fresh concrete, to ensure the 
fresh concrete is in adequate consistency for placement.

3.2.3.1 Casting of concrete cubes
The fresh concrete was poured into a lubricated metal moulds in three layers of 50mm, each layer 
was compacted using the tempering rod by distributing the strokes in a uniform manner in the mould 
for each of the three layers (35 strokes per layers). The concrete surface was marked for easy 
identification and allowed to set for 24 hours before demoulding of the concrete cube which was then 
immersed in water in the curing tank in accordance to BS1881: part 108: 1989.

3.2.3.2 Curing of Concrete Cubes
Curing is the process of keeping concrete moist which promotes hydration in concrete. All concrete 
requires curing in order for cement hydration to proceed and also to allow for development of 
strength, durability and other mechanical characteristics [13]. All cubes were submerged in water for 
28 days in the curing tank.

3.2.4 Bulk density test
3 Bulk density is the total mass of soil per unit total volume of soil. A bulk density of 2400 kg/m was 

used as recommended by COREN for all mixes using normal weight aggregates. The fine and coarse 
aggregate content are determined by obtaining the proportion of fine aggregate in the total aggregate 
content.

3.2.5 Compressive strength test
The capacity of the concrete to withstand axially directed load is determine by compressive 
strength. The compressive strength test was carried out to determine the maximum load the 
concrete cube can withstand before failing. All concrete requires curing so as to allow for 
development of strength, durability and other mechanical characteristics [11], [13]. All cubes 
were submerged in water for 28days in the curing tank. The compressive strength was 
determined from concrete cubes obtained and tested for 28 days. The concrete cube was tested to  
.
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3.3   Mix Design

3.2.3   Determination of water cement ratio

Figure 3.1: Strength versus Water Cement ratio for Nigeria cement (COREN, 2017).
Table 3.1:Relationship between Water Cement Ratio and Mass
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Source; ACI211.1-91 [11].

3.2.3 Determination of water content
In concrete the water content largely depends on the type and maximum size of concrete to give 
a required workability. The range of slump recommended according to COREN manual was 
used while the approximate free water contents required to give various levelsof workability 
according to ACI[14], was also used.

3.2.4 Determination of aggregate content
To determine the total aggregate content, an estimate for density of the fully compacted concrete 

3was knownfrom the tests carried out, a density value of 2400kg/m was recommended for use for 
all mixes using normal weight aggregates. The fine and coarse aggregate content are determined 
by obtaining the proportion of fine aggregate in the total aggregate content. 

4.0  RESULTS AND DISCUSSIONS

4.1 Laboratory Results

Fineness modulus is the summation of the cumulative percentage mass retained on sieve 
4.75mm to 150µm divide by 100. Fineness modulus of 3 was obtained for the sieve analysis 
carried out for the fine aggregate. The sieve analysis test is presented on Table 4.1 and the 
particle size distribution curve is shown on Figure 4.1.

Table 4.1: Sieve Analysis Test for Fine Aggregate
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Figure 4.1: Particle size distribution curve

The specific gravity obtained for test carried out for fine and coarse aggregate are 2.67 and 2.68 
3

kg/m  respectively according to IS:10262 [16], and it is within the range required for aggregates[15], [16]. 
The bulk density results obtained for fine aggregate from compacted and uncompacted aggregates are 
2.75kg and 2.5kg respectively. While the bulk density results for coarse aggregates (compacted and 
uncompacted) are 2.71kg and 2.45kg respectively. This is why a concrete that is hardened or stronger than 
necessary for its intended use is not economical, and one that is not strong enough can be dangerous. The 
higher the cement content, the greater the tendency of shrinkage cracks. 

4.2 Slump Test

4.2.1 COREN:A slump of 120mm was obtained from the mix design carried out which is in the 
range of 60mm-180mm as recommended in COREN GUIDE for a water content of 235.

4.2.2 ACI:A slump of 140mm was obtained from the mix design carried out which is in the range 
of 150mm-175mm as recommended in ACI CODE for a water content of 216.

4.3 Compressive Strength 
2The target mean strength for COREN is 25.52, while for ACI is 25.00 N/mm . The strength was 

determined for 3 days, 7 days and 28 days respectively. There was a rapid increase at 28 days 
2

(27.92N/mm ) [17], [18], which meets up with COREN mix design method, while ACI does not 
meet with the requirements of ACI mix design method at 28 days. Table 4.2 indicates the 
compressive strength of concrete cubes obtained for the two mix design methods carried out and 
Figure 4.2 shows the compressive strength of concrete using ACI and COREN guide.

Table 4.2: Summary of the Compressive Strengths and Mix Proportions
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Figure 4.2: Compressive strength of concrete using ACI and COREN guide

4.4 Similarities between COREN and ACI Mix Design Method
COREN and ACI methods of mix design are based on empirical relations that are derived in different 
countries based on the available local materials within. Tables 3.1 which shows the relationship 
between water cement ratio and mass and Figure 3.1 graph which shows the relationship between 
strength and water cement ratio for Nigeria cement are used during the design process and selection 
of materials through a logical means for the determination of the target mean strength and 
ingredients.

The determination of cement content of both methods is based on the relationship of two perimeters: 
W/C and the cement content are derived separately and independently. Workability of both methods 
is determined using slump test.
Workability is used to measure the degree at which a fresh concrete can flow, this allows for ease of 
compaction and placing of the concrete. The result obtained shows that COREN and ACI mix 
proportion are of high workability.

4.5 Differences between COREN and ACI Mix Design Method
The differences between COREN and ACI mix design method is presented on Table 4.3 and Table 
4.4.  Water-Cement ratio (W/C) in the ACI method is determined with the combination of two 
parameters: the target strength and the concrete type (air or non-air entrained) which is obtained 
from Table 3.1 While W/C ratio for COREN is obtained from Figure 3.1. Coarse and fine aggregate 
content for ACI method is obtained without knowing the absolute volume of the fine aggregate.
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Table 4.3:Mix Design Calculated for 1m3

 of Fresh Concrete  
  Ingredients                             ACI (N/mm2)                            COREN (N/mm2)  

Water(kg)                                      210.66                                           224.33  
Cement(kg)                                    305.30                                           393.50  

Fine aggregate(kg)                          854.84                                           590.36  

Coarse aggregate(kg)                      946.26                                           1101.1  

Water/cement ratio                            0.69                                               0.57  
 

Table 4.4:Analysis of 28-Days Compressive Strength
 

Target Strength (N/mm2)
 

Average Strength (N/mm2)
 

Strength Deviation (N/mm2)
 

 
ACI

 
COREN

 
ACI

 
COREN

 
           

25
 

23.39
 

27.92
 

-1.61
 

2.91
 

 

CONCLUSIONS

This research work was carried out to compare ACI and COREN mix design method using materials of 
the same properties to determine the strength of concrete cubes cast and cured for 3,7 and 28 days.
The following conclusions were drawn:

1. It was observed that the ACI mix method requires higher water content than COREN 
mix to be able of have a workable concrete.

2. COREN mix design gives higher strength development than ACI mix.
3. Concrete made using ACI mix design can be of low strength.
4. More quantity of cement is required in the use of COREN as compared to ACI mix

Therefore, COREN mix design method should be used in the proportioning of concrete mix.

RECOMMENDATIONS
The following recommendations are made:

1) COREN mix design method should be used in the proportioning of concrete mix.
2) Mix design such as USBR Mix design practice, British Mix design Method, and ISI 

Recommended guidelines IS, should be compared with COREN mix design
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