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Abstract  

Mix proportion parameters of concrete were analyzed by using the 2-Level factorial method to optimize the 

compressive strength of a recommended concrete mix made with a mound soil-cement blended paste as a 

binder. Five control factors: contents of coarse aggregate, fine aggregate, cement, mound soil and water were 

used. An experimental design matrix was formulated by using Design Expert 7.01 software. The randomized 

experimental design in addition to the experimentally obtained values of the response variable (compressive 

strength at 7 and 28 days) determined. The best possible levels of mix proportions was determined and tested for 

compressive strength. A mathematical model  

which predicts the compressive strength of mound soil-cement blended concrete was obtained. The result of the 

response function showed that optimal value of the compressive strength 32.36 N/mm
2
, compared favorably 

with the corresponding experimentally determined result of 33.78N/mm
2
.The predictions from the model were 

tested for adequacy using the statistical Goodness of fit and were found to be adequate at 95% confidence level. 

The optimum compressive strength of concrete at 28days was found to 32.36N/mm
2
. This strength correspond 

to a mix value of 8.24kg of cement, 21.96kg of sand, 43.73kg of granite,0.55kg of mound and 5.57kg of water, 

i.e. mix ratio 1:2.5:5:0.07:0.6. Mound soil concrete has been shown to be used as a construction material. 

__________________________________________________________________________________________ 
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INTRODUCTION 

The proportioning of concrete mixture is a process by 

which a right combination of cement, aggregate, 

water and sometimes admixture can be obtained 

(Murali and kandasamy, 2009). Mound soil is soil 

devoid of any decayed vegetable material. They are 

built of earth particles which are cemented together 

forming hard brick-like materials resistant to 

weathering and difficult to pick andcan also be used 

in construction as an additive in concrete but should 

not exceed 15% (Orie and Anyata, 2012). 

 

Modern research effort is geared towards sourcing of 

materials that can partly or completely replace 

cement in sound concrete production (Osadebe et al., 

2007). Lasisi and Osunade (1985) observed that 

increase in sand/cement content and decrease in 

water/cement ratio resulted increased compressive 

strength of laterized concrete. Lasisi and Ogunjide 

(1984) established that the higher the 

laterized/cement ratio, the lesser the compressive 

strength, and the fewer the grain size range, the 

higher the compressive strength. Umeonyiagu (2010) 

developed a model for optimizing the compressive 

strength characteristics of four component concrete 

mixes made with unwashed local gravel. Ettu et al. 

(2013)investigated the prospects of using periwinkle 

shell by considering the saturated surface dry bulk 

density and compressive strength  and their results 

confirmed the findings of earlier researchers that on 

the basis of required compressive strength periwinkle 

shells could be used as partial replacement of granitic 

chippings in making concrete for reinforced concrete 

works. Orie and Iyoha (2010) examined some 

mechanical properties of periwinkle shell concrete 

produced by using conventional concrete standard 

mixes with a view to replacing natural aggregates 

with the shells. They concluded that the strength 

development in periwinkle shell concrete is similar to 

those of natural gravel concrete. Nwakonobi and 

Osadebe (2008) developed a mathematical model that 

was used to optimize the mix proportions that will 

produce the maximum strength of clay-rice husk 

cement mixture using scheffe’s simplex lattice 

approach. They concluded that the experimental data 

is in very good agreement with the formulated model 

and that the model parameters estimated are therefore 

acceptable. Okere et al. (2013) also used Scheffe’s 

simplex lattice theory to optimize the concrete 

mixtures. Ettu et al. (2013) reported that laterite could 

be used as a sole fine aggregate for making structural 

concrete. Ukpata et al. (2012) found that concrete 

with river sand completely replaced with quarry dust 

as fine aggregate is suitable for use in structural 

members for buildings and related structures. 

 

The optimization of the mechanical properties of 

mound soil concrete to enhance its structural 
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properties has been carried out (Orie and Osadebe, 

2015, Onwuka et al., 2013). Obam (2009) developed 

a mathematical model for the optimization of the 

compressive strength and shear modulus of Rice 

Hush Ash concrete Onwuka et al. (2011) developed a 

mathematical method based on modified regression 

theory, to predict the compressive strength of 

concrete. 

 

The present work will examine the use of Design 

expert 7.01 as an optimization tool in the design of 

structural concrete and evaluate the mechanical 

properties of the concrete developed.The high cost of 

concrete has awakened the need to relate research to 

production, especially in the use of locally available 

materials as alternative low cost. The study provides 

an optimal method of preparing a mound soil-cement 

blended concrete mix and investigate the best method 

of utilizing available materials in order to conserve 

the energy potentials of our environment. 

 

MATERIALS AND METHODS 
The 2-level factorial software was used in generating 

the Design Mix Matrix for 1:2:4 of concrete mix 

which was made up of 5 factors and 2-level (High 

and low level) as shown in Table 6. One response 

was considered for this work, which is the 

compressive strength. The results from running all 

combination of the chosen factors, each at two levels 

as shown in Table 1; The two levels of the mound 

soil value used was at 5% and 25% of cement. 

 

Samples of fine and coarse aggregate were taken for 

analysis. 200g of fine aggregate and 1000g of coarse 

aggregate were used for the test as recommended, 

(BS 812: Pt. 1: 1985).The weights of material 

retained and also passing each sieve were calculated 

and expressed as percentages of the total sample 

weights. The maximum water/ cement ratio and 

minimum compressive strength were taken as 0.5 and 

20N/mm
2
.  

 

Mound soil was dried, pulverized and sieved with 

sieve size 75µmm.Coarse and fine aggregates were 

batched under laboratory conditions, using the results 

of mix design computation from the Design mix 

matrix shown in Table 1. The required quantities of 

fine aggregate, coarse aggregate, cement, mound and 

water were mixed thoroughly in the pan mixer. The 

various weight of mound soil required was added. 

 

The tests procedures were in accordance with BS 

1881 102: 1983. The mould was in the form of a 

hollow frustum of a cone having the following 

internal dimensions: diameter of base: 200mm, 

diameter of top: 100mm height 300mm. The mould 

for the slump test was placed on a smooth non-

absorbent flat base. The internal surface of the mould 

was clean and damp but free from superfluous 

moisture before commencing the test. The mould was 

held firmly against the surface below. The slump 

mould was then filled with fresh concrete in layers. 

Each layer was tamped 25-times with a standard 

16mm diameter steel rod, rounded at the end. The 

excess fresh concrete at the top surface was struck off 

by means of screening and rolling motion of the 

tamping rod. With the mould still held down, stains 

were cleaned from the surface below of any concrete 

which might have fallen onto it or leaked from the 

lower edge of the mould. The mould was remove 

from the concrete by raising it vertically, slowly and 

carefully so that the unsupported concrete slump. 

Immediately the mould was removed, the slump to 

the nearest 5 mm was measured by using the rule to 

determine the difference between the height of the 

mould and of the highest point of the specimen being 

tested. The decrease in the height of the center of the 

slumped concrete was taken as the slump. 

 

The concrete mix was placed into the mould, which 

has been applied with oil to ease opening. Concrete 

was compacted into three layers using the steel rod of 

25mm in size with 35 blows per layer and also 

vibrated for 2 minutes. The surface was leveled using 

trowel. These were allowed to set demoulded after 24 

hours. The sample cubes were then cured for 7 days 

and 28 days. The cubes were weighed before and 

after curing. They were then tested for their 

compressive strength using universal testing machine 

with load capacity of 1000KN, and the failure load 

for the various cube recorded. A total number of 120 

cube samples measuring 150mm x 150mm x 150mm 

were examined. 

 

The materials used for this work include are; 

Ordinary Portland cement conforming to BS 

12(1978). River sand was used as fine aggregate. The 

grading of the sand was carried out to BS 812:103, 

1985). The sand belonged to the grading Zone 3 with 

a specific gravity of 2.65.Portable water conforming 

to BS EN 1008 was used.  The coarse aggregate was 

crushed irregular shaped medium-graded having a 

maximum size of 20mm with specific gravity of 2.71. 

The Mound soil which was reddish in color was 

obtained from Igueben in Edo state Nigeria. 
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RESULTS AND DISCUSSION 

Table 1: Design Mix Matrix For 1:2:4 

 

Table 2: Design Mix Ratio Obtained from Concrete Mix Design from Computation (grade 20)Control 

Cement (Kg) Fine aggregate (Kg) Coarse aggregate (Kg)) Water (Kg) 

10.93 21.86 43.71 5.47 

 

Table 3: Control Compressive Test Results for Design Mix of Grade 20 at 7 days 
Specimen Weight before 

curing(Kg) 

Weight after 

curing(Kg) 

Water 

absorption(kg) 

Density 

Kg/m3 

Mean density 

Kg/m3 

Failure 

load(KN) 

Compressive. 

Strength (N/mm2) 

1.  8.495 8.555 0.060 2517  600 26.67 

2.  8.585 8.640 0.055 2544 2561 660 27.56 

3.  8.850 8.905 0.055 2622  650 28.89 

 

Average compressive strength = 27.71N/m
2 

 

 

Table 4: Control Compressive Test Results for Design Mix of Grade 20 at 28 days 
Specimen Weight before 

curing(Kg) 

Weight after 

curing (Kg) 

Water 

absorption (Kg) 

Density 

Kg/m3 

Mean density 

Kg/m3 

Failure 

load(KN) 

Compressive 

Strength(N/mm2) 

4.  8.810 8.875 0.065 2610  770 34.22 

5.  8.470 8.530 0.060 2510 2558 760 33.78 

6.  8.615 8.690 0.075 2553  740 32.89 

 

Average compressive strength = 33.63N/m
2 

 

 

 

Table 5: Design Mix Matrix for 7 and 28 days Compressive Strength of Concrete 
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Table 6: 2-Level Factorial Compressive Strength at 28days Design Summary for Optimizing 

 
 

Table 7: Result of Model Evaluation (Response is Compressive Strength at 28 days) 

 
 

DISCUSSION OF RESULTS 
The objective of the problem was also to maximize 

the compressive strength of (1:2:4) concrete mix 

design by finding the optimal values of the five 

concrete mix variables (cement, fine aggregate, 

coarse aggregate, mound and water) that will produce 

a concrete with the highest compressive strength 

value at 28 days curing time.The solution to the 

problem was derived using the 2-Level Factorial 

Design. The design matrix and evaluation was done 

with the aid of statistical software. For this particular 

problem, Design Expert 7.01 was employed.  

 

Table 8: Correlation Matrix of Regression Coefficients in Optimizing  

Compressive Strength at 28 days 
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Table 9: Analysis of Variance Result for Maximizing the Compressive Strength at 

 28 days 

 
 

Table 10: Goodness of Fit Statistics for Validating Model Significance and Adequacy 

 
 

Table 11: Coefficient Estimates Statistics for Optimizing the Compressive Strength 

at 28 days 

 
 

Table 12: Final Equation in Terms of Coded Factors 

 
 

Table 13: Final Equation in Terms of Actual Factors 
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Table 14: Diagnostics case Statistics for Optimizing Compressive Strength at 28 days 

 
 

Table 15: Constraints for the Numerical Optimization Model for Maximizing Compressive Strength at 28 Days 

 

The randomized experimental design which includes 

the five concrete mix variables and their range of 

values in addition to the experimentally obtained 

value of the response variable (compressive strength 

at 28 days) is presented as shown in Table 5. 

 

 

The model summary which shows the factors and 

their lowest and highest values including the mean 

and standard deviation is presented as shown in Table 

6. Results of Table 6 reveal that the model is of the 

factorial type which requires the manual iteration 

analysis order 

Table 16: Optimal Solutions of Numerical Optimization Model 
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Table 17: Cost of Cement 
 Standard 

(1:2:4) 

Control Experimental 

Wt. of Cement 

(Kg) 

320 10.93 8.24 

Cost (N) 10, 240 349:76 263:68 

 

 
Fig. 1: Effect of Fine Aggregate on Twenty Eight 

Days Compressive Strength 

Fig. 2: Effect of Water on Twenty Eight Days 

Compressive Strength 

 

 
Fig. 3: Effect of Fine Aggregate and Cement on the 

Compressive Strength of Concrete at 28 Days Curing 

Time 

Fig. 4: Effect of Mound Weight and Coarse 

Aggregate on the Compressive Strength of Concrete 

Mix  at 28 Days  

 
Fig. 5: Effect of Coarse Aggregate and Water on the 

Compressive Strength of Concrete Mix  at 28 Days  

 

The minimum value of compressive strength at 28 

days was seen to be 16.960N/mm
2
, maximum value 

of 33.780N/mm
2 

with a mean and standard deviation 

of 23.534 and 6.130 respectively. To study the 

correlation and significance effects of each of the 

factors (cement, fine aggregate, coarse aggregate, 

mound and water) on the compressive strength at 28 

days, a graphical variation of some selected factors 

against the compressive strength at twenty eight days 

was evaluated as presented in the Figures 1. Result of 

Figures 1 and 2 show that the correlation between the 

fine aggregate, water and the final compressive 

strength after twenty days of curing was very low; 

0.042 and 0.073 respectively 
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Fig. 6: Contributions of Individual Factors to the 

Overall Compressive Strength at 28 Days 

Fig. 7: Ramp Solution of Numerical Optimization 

 

 
Fig. 8: Contour Plot of Fine Aggregate and Cement 

Ratio against the Compressive Strength at 28 Days 

 
Fig. 9: Contour Plot of Mound and Coarse Aggregate 

Ratio against the Compressive Strength at 28 Days  

 

 
Figure 10: Contour Plot of Water and Cement Ratio 

against the Compressive Strength at 28 Days  

 

This low correlation value is an indication that one 

variable cannot be employed to predict the final 

compressive strength of the concrete. Hence, the 

compressive strength Y, of mound soil-cement 

blended concrete depends on the combined 

constituents as, 

Y = f(x1, x2, x3, x4, x5)                               (1) 

 

Where; x1, x2, x3, x4 and x5 represent cement, fine 

aggregate, coarse aggregate, mound and water 

respectively. 

 

Evaluation of the design model reveals that the model 

possesses a low standard error of 0.25 for both the 

individual factors and the combine interactions as 

presented in Table 7. 

 

From the result of Table 7, it was seen that the 

variance inflation factor (VIF) was 1.00 which is 

expected for a model that is significant having a non-

significant lack of fit. Variance inflation factor greater 

than 10.00 is cause for alarm, indicating coefficient 

that are poorly estimated due to multicollinearity. Ideal 

Ri-squared is 0.0.  High Ri-squared means terms are 

correlated with each other, possibly leading to poor 
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models.Correlation matrix of regression coefficient is 

presented as shown in Table 8 below. Lower values of 

the off diagonal matrix as seen in table 8 indicate a 

well fit model that is strong enough to navigate the  

design space. In assessing the strength of the model in 

navigating the design space, one way analysis of 

variance (ANOVA) WAS DONE and result is 

presented as shown in table 9. 

 

The Model F-value of 53.49 implies the model is 

significant.  There is only a 0.01% chance that a 

"Model F-Value" this large could occur due to noise. 

Values of "Prob > F" less than 0.0500 indicate model 

terms are significant.  In this case D is a significant 

model term.  Values greater than 0.1000 indicate the 

model terms are not significant.  If there are many 

insignificant model 

 

terms (not counting those required to support 

hierarchy),  model reduction may improve your 

model.The "Curvature F-value" of 76.83 implies 

there is significant curvature (as measured by 

difference between the average of the center points 

and the average of the factorial points) in 

the design space.  There is only a 0.01% chance that a 

"Curvature F-value" this large could occur due to 

noise.To validate the significance and adequacy of 

the model based on its ability to optimize the 

compressive strength at twenty eight days, the 

goodness of fit statistics presented as shown in Table 

10 was used. Coefficient of determination (R-

Squared) of 0.9571 indicates the strength of the 

model and its suitability in predicting the values of 

the selected variables that will maximize the 

compressive strength at twenty eight (28) days. Adj 

R-Squared" of 0.9392 indicate 93.92 percentage 

reliability. The "Pred R-Squared" of 0.9138 is in 

reasonable agreement with the "Adj R-Squared" of 

0.9392. "Adeq Precision" measures the signal to 

noise ratio.  A ratio greater than 4 is desirable.  Your  

ratio of 17.307 indicates an adequate signal.  This 

model can be used to navigate the design space.To 

obtain the optimal solution, we first consider the 

coefficient statistics as presented in Table 11.The 

optimal equation which shows the individual effects 

and combine interactions of the selected factors 

against the measured response (compressive strength 

at 28 days) is presented based on the coded variables 

and the actual factors as shown in Table 12 and 13 

respectively. The diagnostics case statistics which 

shows the experimentally obtained values of the 

compressive strength at twenty eight days against the 

predicted values is presented as shown in Table 14. 

 

Therefore, final equation in terms of actual factors is 

presented as 
 

 

 Lower residual values resulting to higher leverages 

are indicators of a well fitted model. The model 

graphs which show the interactions of combine 

variables on the measured response (compressive 

strength at 28 days) was evaluated using the 3D 

surface plot as shown in Figures 3, 4 and 5 

respectively.Observing the contribution of  each of 

the selected variables in maximizing the final 

compressive strength of the concrete mix, the pareto 

chart was used and the result is presented as shown in 

Figure 6.Result of Figure 6 shows that factor D 

(Mound weight) has the highest contribution to the 

overall compressive strength of the concrete at 28 

days of curing time and was ranked first. Finally, 

numerical optimization was performed to ascertain 

the desirability of the overall model. In the numerical 

optimization phase, we ask design expert to 

maximize the compressive strength at twenty eight 

days by finding the optimal weigth of  cement, fine 

aggregate, coarse aggregate, mound and water that 

will produce concrete with the best compressive 

strength at twenty eight days of curing time.The 

constraints for the optimization process arepresented 

in Table 15. The numerical optimization produces 

about 30 optimal results, 22 of them are presented in 

Table 16.From the results of Table 16, it was seen 

that cement (8.24kg), fine aggregate (21.96kg), 

coarse aggregate (43.73kg), mound soil (0.55kg) and 

water (5.57kg) will produce a concrete with the best 

compressive strength of (32.3568N/mm
2
) at 28 days. 

This solution was selected by design expert as the 

optimal solution having a desirability value of 0.946 

that is 94.6% reliability. The mathematical model 

generated by the Design Expert when tested showed 

that the compressive strength result achieved at 20% 

replacement of cement with Mound soilfor grade 20 

attained a compressive strength of 22.13N/mm
2
. This 

type of concrete could be used for structural members 

(BS 8110-2, 1985). 

 

The ramp solution, which is the graphical 

presentation of the optimal solution, is presented in 

Figure 7.Based on the optimal solution, contour plots 

were drawn as shown in Figures8, 9 and 10 

respectively. The contour plot areused to predict 

optimal weight of each variable for different 

compressive strengths. 

 

Cost Benefit Analysis 

Assumption; All other factors constant for the 

Control and Experimental, 

From Table 17, Cost benefit = 

 = N 86: 08k 

In terms of Percentage difference 

% difference =  

 

CONCLUSION 

The following conclusions are made; 

 Design of Experiment model using the 2-level 

Factorial has been used to develop a mathematical 
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model for the optimization of the compressive 

strength of Mound soil-cement blended concrete. 

 The substitution of 5% cement by Mound soil to a 

standard 1:2:4 mix concrete could result in a 

25%cost saving.  
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