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Abstract 

The effect of metakaolin as a pozzolona has been studied over the years on concrete materials. This study 

seeks to test the efficacy of this pozzolan on stabilization processes. This research study was thus aimed at 

evaluating and predicting the CBR of metakaolin stabilized lateritic soil. The sourced white clay (Kaolin) 

was subjected to a calcination temperature of 5000C to obtain the metakaolin. Preliminary tests such as; 

Atterberg’s limit test, Specific gravity test and CBR test, were carried out using standard experimental 

procedures on the unmodified soil sample to determine its properties. The Scheffe’s simplex theory was 

used in the development of mix design and optimization model development. The CBR test of modified soil 

sample was determined and compared with the unmodified counterpart. Results revealed that the 

metakaolin improved the properties of the lateritic soil. The CBR optimization model developed in this 

study also proved adequate at 5% level of significance from the F-statistics carried out. It was therefore 

recommended that a computer programme be written to hasten the optimization process of the CBR of 

metakaolin stabilized lateritic soil. 
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1. Introduction 

Lateritic soils are one of important soils and are 

widespread in tropical areas and subtropical 

climates. They are the most highly weathered soils 

in the classification system. The significant features 

of the lateritic soils are their unique color, poor 

fertility, and high clay content and lower cation 

exchange capacity. In addition, lateritic soils 

possess a great amount of iron and aluminum 

oxides (Shaw, 2001). Of the important groups of 

the tropical and subtropical soils of the world, the 

laterite soils occupy a unique place, in regard to 

both their extensive occurrence and peculiar 

properties. Properties of soils play a significant role 

in civil engineering construction works particularly 

in building foundations and road construction 

works. This made imperative, the testing of soil, on 

which a foundation or superstructure is to be laid. 

This would determine its geotechnical suitability as 

a construction material. In recent times, the 

frightening rate at which lives are being lost due to 

buildings and road failures calls for a solution. 

Lateritic soil of high plasticity, results to cracks and 

damage on pavement, roadways, building 

foundations or any civil engineering construction 

project (Nnochiri and Aderinlewo, 2016; Alhassan, 

2008).  
Due to its relative inexpensive nature, 

researchers have always resorted to stabilization as 

an option in modifying and improving the 

properties of lateritic soils with high clay content. 

Stabilization refers to the practice in which a 

special soil, a cementing material, or other 

chemical or non-chemical materials are added to a 

natural soil or a technique use on a natural soil to 

improve one or more of its properties. According to 

Abood et al. (2007), stabilization may be achieved 

by physically mixing the natural soil and stabilizing 

materials together so as to achieve a homogeneous 

mixture or by adding stabilizing material to an 

undisturbed soil deposit and obtaining interaction 

by letting it permeate through soil voids.  

The use of soil stabilization products for the 

improvement of problematic soils is widespread 

across the globe. In the past, cement and lime have 

been the two main materials used for stabilizing 

soils. Cement has proven to be successful in the 

stabilization of granular and fine grained soils 

(Graber et al., 2006; Little et al., 2010). Hydrated 

lime has been used to improve the strength, 
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stiffness and durability of fine grained soils. It has 

also been used as a stabilizer for soils in the base 

courses of concrete pavements, and on 

embankment slopes, and under canal linings on 

canal slopes (Ike, 2006).  Due to the rapid increase 

in the cost of these materials resulting from the 

sharp increase in the cost of energy since the 1970s 

and the environmental threats posed by the 

production of cement, attentions are been shifted 

towards the use of more environmental friendly 

substances. Although the traditional methods of 

stabilization include the use of cement, lime and 

coal fly ash, the advancement of technology and 

proper understanding of soil stabilization 

mechanisms have led to the discovery of more 

stabilization products (Scholen, 1992). The effect 

of baggase ash was studied on some properties of 

cement stabilized lateritic soil by Okonkwo, et al. 

(2016). The properties were improved upon 

baggase ash addition. Other materials that have 

been used in stabilization include; oil palm fronds 

(Nnochiri and Aderinlewo, 2016), Rice Husk Ash 

(Alhassan,2008), Cassava Peel Ash (Bello and 

Hammed, 2015). 

Metakaolin (MK) is one type of calcined clay 

which comes from the calcination of kaolin clay 

and there have been some interests in the use of 

metakaolin in recent years (Siddique and Klaus, 

2009). For example in the UK, the coal fired power 

industry is expected to come to a close in the next 

10 years and fly ash will cease to be generated 

(Jamal et al., 2018). Alternative pozzolanic 

materials such as metakaolin, are required to be 

used in order reduce the amount of cement used in 

various construction applications. Metakaolin have 

found wide usage in the concrete and building 

industry as it has been used in different capacities 

to replace cement. Poon et al. (2006) showed that 

the initial reactivity of MK in blended cement 

pastes is higher than that of silica fume or fly ash. 

Due to the high initial reactivity of cement paste 

with MK, the rate of compressive strength 

development is higher than cement paste 

containing silica fume. Curcio et al. (1998) 

indicated that mortars containing MK had higher 

rate of strength development than that of silica 

fume. An increase in strength of 30% is obtained 

when cement is replaced with 10-15% MK.  Due to 

its pozolanic nature, this study evaluated its 

potentials in the stabilization process. To determine 

the right mix proportion of constituent materials to 

give the best stabilization result, an optimization 

procedure must be adopted. 

Optimization is the process of obtaining the 

maximum or minimum value of a quantity and in 

turn satisfying a range of desired requirements of 

the quantity (Orie and Osadebe, 2009). The concept 

of optimization eliminates the stress associated 

with conducting increased number of experimental 

runs needed to obtain the desired response 

parameter with same level of accuracy when 

compared with that obtained in an optimal design. 

The Scheffe’s optimization procedure was adopted 

where the property studied depends on the 

component ratios only. The Scheffe’s method of 

mixtures have been adopted in the concrete and 

pavement industry. Mbadike and Osadebe (2013), 

applied the Scheffe’s theory to optimize the 

compressive strength of lateritic concrete. Gamil 

and Bakar (2016) also used the Scheffe’s theory to 

develop a mathematical model to predict the 

resilient modulus of natural soil stabilized by 

POFA-OPC additive for the use in unpaved road 

design. The Scheffe’s theory was also adopted in 

the prediction of stability and flow properties of hot 

mix asphalt using cement as a filler material (Eme 

et al., 2020). This study applied the Scheffe’s 

theory in the development of the optimization 

model of the metakaolin stabilized lateritic soil.  

The quest to investigate the effect of metakaolin 

on lateritic soil necessitated this study. This study 

would therefore reveal the effect of metakaolin on 

the characteristics of lateritic soil and also reveal an 

optimization model that would relate the CBR of 

stabilized lateritic soil to the mixture proportions of 

the constituent elements. 

2. Materials and methods 

2.1 Research design 
This experiment based study is directed 

towards developing an optimization model that 

would predict the CBR of metakaolin stabilized 

lateritic soil. The metakaolin samples used in this 

study were obtained from the calcination process of 

kaolin clay. The sourced kaolin clay samples were 

subjected to a calcination temperature of 5000C to 

obtain the metakaolin used for the essence of 

experimental investigations. The unmodified 

lateritic soil was obtained from a burrow pit within 

Port Harcourt and was subjected to characterization 

test to determine its engineering properties. CBR 

test was carried out on metakaolin-lateritic soil 

with the design mix developed using the Scheffe 

simplex technique. Models were developed for the 

prediction of CBR of metakaolin-lateritic soil and 

this model was adequately validated. 
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2.2 Materials 

All materials used in this study were obtained 

locally from within the Port Harcourt Metropolis. 

These materials were carefully prepared using 

appropriate measures. Metakaolin was produced 

from kaolin clay.  The metakaolin was produced 

from raw clay through well thought-out procedures. 

The sourced kaolin clay was sun-dried for about 48 

hours, after which, it was subjected to a calcination 

temperature of 5000C with the aid of an electric 

furnace. The end product of the calcination gave 

the metakaolin. The metakaolin obtained was 

subjected to physiochemical test to determine the 

oxide composition of the substance in a chemical 

laboratory within Port Harcourt. The lateritic soil 

was obtained from a burrow pit in Port Harcourt. 

The soil sample was obtained at a depth of about 

1.5 metres below the ground surface using the hand 

auger. This was to ensure that an undisturbed soil 

sample was obtained. The obtained lateritic soil 

was sun-dried for 48hours to ensure a moisture free 

sample. The sun-dried soil sample was divided into 

two portions; one portion serving as the control 

specimen (tested without modification) while the 

other portion was modified with metakaolin for 

experimental purposes. Clean water of a pH value 

of 6.9 was used for the purpose of experiments. 

This water sample was obtained from the Asphalt 

Laboratory, Civil Engineering Department, 

University of Port Harcourt. 

2.3 Methods 

2.3.1 Mixture proportion 

In this study, the Scheffe simplex lattice theory 

was used in determining the mixture proportions. 

The scheffe (3,2) simplex procedure was adopted, 

where the 3 represents the number of materials and 

the 2 represents the maximum material interactions. 

Mixing of components was done manually with the 

metakaolin added in proportions of dry weight of 

the lateritic soil.  

2.3.2 Experimental procedures 

2.3.2.1 Oxide composition test 

The oxide composition of metakaolin was 

determined in a chemical laboratory within the Port 

Harcourt City Metropolis. 

2.3.2.2.Specific gravity test 

The specific gravity of the unmodified lateritic 

soil was determined in accordance to ASTM D854 

(2000). The test involved the use of a water 

pycnometer. The density bottle with its cover was 

recorded as . The density bottle (pycnometer) 

was filled with some part of over dried sample and 

then weighed and recorded as . The density 

bottle containing the soil sample was filled distilled 

water and the content shaken to remove entrapped 

air in the bottle. The Weight of the bottle, the soil 

sample and the water filled to the top of the bottle 

was measured (after leaving the bottle and its 

content in a dry place for some time), the weight 

was recorded as .The bottle was emptied, 

completely and thoroughly washed. Clean water 

was filled to the top of the bottle and the weight 

was measured as .The specific gravity of the soil 

sample which is the ratio mass of the soil particle 

to the same (absolute) volume of the water was 

then determined using Equation (1). 

                             (1) 

 

2.3.2.3 Atterberg limit test  

The Atterberg limit tests; liquid and plastic limit 

of the lateritic soil were determined according to 

ASTM D4318 (2008). The liquid limit test was 

performed using the Casangrande’s Apparatus. 

The liquid limit is the moisture content at which the 

groove, formed by a standard tool into the sample 

of soil taken in the standard cup, closes for 10 mm 

on being given 25 blows in a standard manner. This 

is the limiting moisture content at which the 

cohesive soil passes from liquid state 

to plastic state. The plastic limit of a soil is the 

moisture content at which soil begins to behave as 

a plastic material. At this water content (plastic 

limit), the soil will crumble when rolled into 

threads of 3.2mm (1/8in) in diameter.  

2.3.2.4.CBR test 

The CBR test was performed in accordance to 

ASTM D1883 (2005). The test was carried out in a 

laboratory with air dried soil sample with a 

predetermined natural moisture contents. The 

readings were recorded and plotted. The CBR of 

the soil was then determined using Equations (2) 

and (3). 

             (2) 

             (3) 

where applied force (AF) is: 

              (4) 

2.4.3 Model development 

2.4.3.1 Background (Scheffe’s optimization) theory  



Optimization Model Development for California Bearing Ratio (CBR) Prediction of Metakaolin Stabilized 

Lateritic Soil 

Uniport Journal of Engineering & Scientific Research Vol. 5, Special Issue, 2020 Page 44 

 

This is a theory where a polynomial expression 

is used to characterize a simplex lattice mixture 

components. In this theory only a single phase 

mixture is covered. The theory lends path to a 

unifying equation model capable of taking varying 

mix component variables to fix equal mixture 

properties. The optimization that follows selects the 

optimal ratio from the component ratios list that is 

automatedly generated. This theory is the 

adaptation to this work of formulation of response 

functions for engineering properties of metakaolin 

stabilized lateritic soil.  

 

2.4.3.2 Simplex lattice  

A structural representation (shapes) of lines or 

planes joining assumed points of constituent 

materials of a mixture and which such points are 

equidistant from each other is referred to as a 

simplex (Jackson, 1983). A simplex lattice is an 

abstract space of constituent variables X1,X2, X3… 

and Xi which mathematically would obey these 

laws; Equation (5). 

              (5) 

To achieve the desired property of stabilized 

lateritic soil, one of the essential factors lies on the 

adequate proportioning of ingredients needed to 

make the soil mixture. Scheffe (1958), formulated a 

model used in the assessment of the response of a 

particular characteristic of the mixture to variation 

in the proportion of its component materials. With 

this model, if any property of MK-soil is specified, 

possible combinations of needed materials to 

achieve the desired property can easily be predicted 

and if proportions are specified, the desired 

property can also be predicted.  

 

2.4.3.3 Polynomial of function equation  

The properties studied in the assumed 

polynomial are real valued functions on the 

simplex and are termed responses. For a mixture of 

q components and Xi been the ratio of the ith 

component, such that Xi> 0 (i = 1, 2, 3 … 9), and 

considering a unit of the mixture, then the 

summation of all proportions of components of the 

mixture must be unity. Mathematically; it is 

represented by Equation (6). 

              (6) 

In this study, there are three component materials: 

let:  

X1 = Pseudo proportion of water in the mix, X2 = 

Pseudo proportion of metakaolin in the mix  

X3 = Pseudo proportion of lateritic soil in the mix  

For a whole factor space in the design we have a 

(q, m) dimensional simplex with the following 

properties: (i) The factor space has uniformly 

distributed points and (ii) The proportions used for 

each factor have (m + 1) equally spaced levels from 

0 to 1. According to Scheffe (1958), the number of 

points in a (q, m) lattice is given by Equation (7). 

              (7) 

where: n = number of experimental points, q = 

number of variables or components, and m = 

degree of assumed polynomial. 

In this study, the (3,2) simplex lattice was  adopted 

for the three (3) component materials, 2 maximum 

material interactions and assumed second degree 

polynomial resulting to six (6)  experimental 

points. The (q, m) polynomial have a general form; 

represented by Equation (8). 

             
where, b is a constant coefficient. Applying 

Equation (8) to the (3, 2) lattice, the equation 

becomes of a more general and usable form of 

Equation (9). 

   
The relationship obtainable from Equation (9) is 

subjected to normalization condition of Equation 

(6) for a sum of independent variables. For a 

ternary mixture, Equation (10) is obtained from 

Equation (2). 

              (10) 

Multiplying through by constant b0, yields 

Equation (11). 

                (11) 

Again, multiplying Equation (10) by X1, X2 and X3 

in succession and rearranging, Equation (12) is 

produced. 

                         (12) 

Substituting Equations (10) and (11) into Equation 

(9), Equation (13) was obtained after necessary 

transformation.      
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Denoting:   and   

  

The reduced second degree polynomial in 3 

variables is shown by Equation (14). 

 
The number of coefficients has reduced from 10 in 

Equation (9) to 6 in Equation (14). Thus, the 

reduced second degree polynomial in q-variables is 

as shown by Equation (15).  

 
 


qi qi

jiijii XXBXBY
1 1

~
           (15)

         

2.4.3.4 Design matrix construction  

The (3, 2) simplex lattice considered here is 

represented schematically by Fig. 1 

 

Fig. 1: Simplex lattice structure 

At the vertices of Fig. 1, pure substances are 

assumed to exist. That is, at any vertex, only one 

component of the mixture is represented while at 

boundary lines two components exist and the others 

are absent. Thus, the points 1 to 6 was presented as 

having these coordinates:  

Point 1; [1, 0, 0], Point 2; [0, 1, 0], Point 3;[0, 0, 1], 

Point 4; [½, ½, 0], Point 5; [½,0, ½], Point 6; [0, ½, 

½]. Substituting the first three lattice coordinates 

into Equation (14) yields Equation (16) 

               (16)  

From Fig. 1, Point 4, Equation (17) can be 

deduced:     

 
Bi= Yi, where i = 1, 2, 3,...n. Then substituting into 

Equation (17) yields: 

                       (18) 

Simplifying Equation (18), yields:  

            (19) 

Similarly, Equation (20) and Equation (21) were 

developed. Thus: 

             (20) 

            (21) 

Generalizing, Equations (16) to (21), Equation (22) 

was formed. 

               (22) 

The above values become the coefficients of the (3, 

2) second degree polynomial in Equation (14). 

The condition of the model deduced (Equation 14) 

requires that; ΣX = 1. This cannot be achieved with 

conventional mix ratio of the MK-soil mix. Hence, 

actual or real properties of the components must be 

converted to their pseudo (theoretical) counterparts.  

2.4.4 Transformation matrix 

As observed from Equation (14), the 

optimization model is represented in pseudo mix 

ratios.The relationship between the actual or real 

component ratio and pseudo component ratio is 

given by Equation (23).  

                                    (23) 

where: Z = column matrix of real component ratio, 

X = column matrix of pseudo component ratio, and 

[A]= coefficient matrix which is the transpose of 

permutation matrix to be determined from 

intelligent guesses. 

The permutation matrix was established from 

experience and intelligent guesses of metakaolin-

lateritic soil mixes. The metakaolin content was 

limited to the range of 10-50% by weight of the dry 

lateritic soil. The water content ratio was taken to 

be between 0.1-0.3.For the vertices, where pure 

substances are assumed to exist, the mix ratios are 

given as ; (0.1, 0.111, 1); (0.2, 0.429, 1); (0.3, 1, 1) 

and  (0.15, 0.27, 1). In matrix form, [P]: 

                                 (24)  

With the corresponding pseudo mix ratio being:  
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             (25)                   

Making X subject of formula, Equation (26) is 

produced: 

             (26) 

where: [A]-1 = inverse of coefficient matrix. 

Equation (23) was used to transform pseudo 

components to produce actual or real components 

in Table 1. Tables 1 and 2 are matrix tables 

showing pseudo and real components proportion 

for the (3,2) simplex lattice for the trial mixes and 

control mixes respectively. 

 

Table 1: Mix design for trial mixes 

S/n Pseudo Component Ratio Actual/ Real Components Ratio 

X1 

(water) 

X2 

(MK) 

X3 

(L. Soil) 

Z1 

(water) 

Z2 

(MK) 

Z3 

(L. Soil) 

1 1 0 0 0.1 0.111 1 

2 0 1 0 0.2 0.429 1 

3 0 0 1 0.3 1 1 

4 0.5 0.5 0 0.15 0.27 1 

5 0.5 0 0.5 0.2 0.5555 1 

6 0 0.5 0.5 0.25 0.7145 1 

 

Table 2: Mix design for control mixes 

S/n Pseudo Components Ratio Actual/ Real Components Ratio 

X1 

(water) 

X2 

(MK) 

X3 

(L. Soil) 

Z1 

(water) 

Z2 

(MK) 

Z3 

(L. Soil) 

1 0.5 0.25 0.25 0.175 0.4128 1 

2 0.4 0.3 0.3 0.19 0.4731 1 

3 0.1 0.5 0.4 0.23 0.6256 1 

4 0.4 0.4 0.20 0.18 0.416 1 

5 0.5 0.4 0.1 0.16 0.3271 1 

 

2.4.5 Adequacy of model 

All models developed were subjected to Fisher 

test (F-test) for validation and adequacy check. The 

F-statistics is given as the ratio of variance between 

the predicted/model response value and that of 

experimental value. The following hypotheses were 

adopted in validation of models: 

H0 = there is no significant difference between the 

experimental and predicted responses. 

H1= there is a significant difference between the 

experimental and predicted responses. 

Mathematically, the F-test is represented by 

Equation (27).  

              (27) 

where  and 

  

 S2 is obtained from Equation (28) 

            (28) 

Where = Average mean of response and Y = 

Means of response 

The models developed were declared adequate if 

the F-value calculated in accordance to Equation 

(27) is less than tabulated value (from F-

distribution table). The predicted or model values 

were obtained by substituting the pseudo 

components of the control mixes into the developed 

models. If the F-value calculated in accordance to 

Equation (27) is less than F- tabulated, then the null 

hypothesis is accepted and the model is declared 

adequate. Otherwise, the alternate hypothesis is 

accepted and the model is considered inadequate. 

3. Results and discussion 

3.1 Oxide composition of metakaolin  

Table 2 shows the oxide composition of basic 

oxides of the metakaolin. From Table 3, the oxide 

composition of the different important components 

of the metakaolin showed that it is a good 

pozzolanic material possessing cementitious 

properties.  According to ASTM C 618 (2008), the 

metakaolin was thus classified as a ‘N’ Class 

pozzolan. 
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Table 3: Oxide composition of metakaolin 

Calcination Temperature, 5000C 

SiO2 65.1 

CaO 6.6 

Al2O3 25.0 

Fe2O3 1.3 

 

3.2 Characterization of unmodified lateritic soil 

3.2.1 Preliminary test results 

The lateritic soil was classified with the aid of 

the specific gravity and atterberg limit tests for the 

unmodified lateritic soil. Table 4 gives a summary 

of the properties of the unmodified lateritic soil. 

The specific gravity of the Lateritic soil was 

obtained as 2.33, Liquid Limit was found to be 

36% and the Plastic limit was 21.33% giving rise to 

a Plasticity index of 14.67%. A plasticity index 

value of 14.67% indicated that the lateritic soil is a 

highly plastic soil material with an excessive clay 

content, this implies that the lateritic soil sample is 

not suitable for construction purposes.  

Table 4: Unmodified soil properties 

Properties Value 

Specific Gravity 2.33 

Liquid Limit 36% 

Plastic Limit 21.33% 

 

3.2.2 CBR of the unmodified soil sample 

Fig. 2 gives the Load Penetration Curve for 

unmodified lateritic soil. The CBR of a soil 

material is usually calculated at penetrations 

2.5mm and 5mm. Both values gotten were 

compared and the higher one is usually selected. 

The respective equations employed for calculation 

of CBR values at penetrations 2.5mm and 5mm are 

given in Equation (2) and Equation (3).  The CBR 

of the unmodified lateritic soil at 2.5mm and 5mm 

were 3.36% and 3.99% respectively. The higher 

value of 3.99% being that at 5.0mm penetration, 

was taken as the CBR of the soil. According to 

British standard, the CBR standard for Laterite soil 

to be used for subgrades under Highway 

Engineering is between 5-15%. Since CBR gotten 

is 3.99%, it is not adequate for subgrade use and 

therefore requires improvement if it must be used. 

3.3 Mathematical model development for CBR 

of metakaolin lateritic soil 

Table 5 presents the result of CBR of the 

modified lateritic soil used in the development of 

metakaolin soil CBR optimization model. It can be 

observed from Table 5 that metakaolin 

significantly improved the CBR of the lateritic soil 

as all the CBR values for the different trial points 

far exceeds the CBR of 3.99% obtained for the 

unmodified lateritic soil. Using Table 5 and 

Equation (22), the CBR model coefficients for 

Metakaolin stabilized lateritic soil for 3-2 

polynomial is derived thus: 
  

 

 
  

 
Substituting the above values into Equation (14), 

the optimization model for MK-soil becomes:  

 
Equation (29) represents the optimization model 

for predicting the CBR of metakaolin stabilized 

lateritic soil. This model can be used to predict the 

metakaolin – lateritic soil of any arbitrarily given 

modified lateritic soil constituents ratio and vice 

versa. This mathematical model reveals that all 

constituents of the mix are indeed very important 

parameters with regards to the CBR of the 

modified soil as evident from their positive 

coefficient values with the metakaolin content 

proving to be the most important parameter (with 

11.48 coefficient). The interaction between water 

and metakaolin seems to be the most important 

interaction determining the CBR of the modified 

soil as depicted by the very high coefficient value 

of 20.82. The interaction of water and soil have the 

most negative impact on the CBR of the 

metakaolin stabilized lateritic soil with a negative 

coefficient value of 7.38. 

3.4. Mathematical model validation  

Table 6 represents the results for the control 

points of experiments which was used for the 

essence of validation of model developed. Table 7 

presents the experimental and predicted CBR 

results of metakaolin stabilized lateritic soil. These 

values were used in the validation process of 

Equation (29) representing the optimization model 

of modified soil. The F-statistics for the CBR 

optimization model is presented in Table 8. The 

model values were being tested for adequacy. With 

the aid of Table 7 and Equation (28) the following 

was deduced: 

Տₑ2= 17.80548/4=4.45137;    Տᵐ2= 

11.52997/4=2.88249 
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The F-value which is the ratio of the two squared 

variances was computed using Equation (27) as: 

F= 4.45137/2.88249=1.544 

Because F-cal (1.544) is less than F-tab (6.388), the 

null hypothesis is accepted and the model is 

considered adequate.

   

.  

Fig. 2: CBR of unmodified lateritic soil 

Table 5: CBR test result for trial mixes 

S/N CBR Test Result (%) 

X1 X2 X3 Z1 Z2 Z3 Response 

Symbol 

Response 

Value (%) 

1 1 0 0 0.1 0.111 1 Y1 10.95 

2 0 1 0 0.2 0.429 1 Y2 11.48 

3 0 0 1 0.3 1 1 Y3 7.54 

4 0.5 0.5 0 0.15 0.27 1 Y12 16.42 

5 0.5 0 0.5 0.2 0.5555 1 Y13 7.40 

6 0 0.5 0.5 0.25 0.7145 1 Y23 8.76 

 

Table 6: CBR test result for control mixes 

S/n CBR Test Result (%) 

X1 X2 X3 Z1 Z2 Z3 Response 

Symbol 

Response 

Value (%) 

1 0.5 0.25 0.25 0.175 0.4128 1 C1 10.71 

2 0.4 0.3 0.3 0.19 0.4731 1 C2 10.95 

3 0.1 0.5 0.4 0.23 0.6256 1 C3 9.73 

4 0.4 0.4 0.20 0.18 0.416 1 C4 11.68 

5 0.5 0.4 0.1 0.16 0.3271 1 C5 15.22 

 

Table 7: Experimental and model values of CBR for control points 

S/n CBR Test Result (%) 

Z1 

(Water) 

Z2 

(M.K) 

Z3 

(L.Soil) 

Experimental 

Values 

Model Values 

1 0.175 0.4128 1 10.71 11.72 

2 0.19 0.4731 1 10.95 11.43 

3 0.23 0.6256 1 9.73 10.00 

4 0.18 0.416 1 11.68 12.98 

5 0.16 0.3271 1 15.22 14.50 
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Table 8: F-Statistics for validation of CBR optimization model 

S/n Exp.Value=Yₑ Mod. Value=Yᵐ Yₑ-Ŷₑ Yᵐ-Ŷᵐ (Yₑ-Ŷₑ)² (Yᵐ-Ŷᵐ)² 

1 10.71 11.72 -0.94800 -0.40248 0.89870 0.16199 

2 10.95 11.43 -0.70800 -0.69618 0.50126 0.48467 

3 9.73 10.00 -1.92800 -2.12818 3.71718 4.52915 

4 11.68 12.98 0.02200 0.85582 0.00048 0.73243 

5 15.22 14.50 3.56200 2.37102 12.68784 5.62174 

  Ŷₑ=11.658 Ŷᵐ = 12.125     ∑=17.80548 ∑=11.52997 

 

4. Conclusions  

Based on the outcome of this study, the Lateritic 

soil used in this study is a poor road construction 

material needing improvement. The metakaolin 

improved the properties of the lateritic soil as 

evident from the CBR tests conducted. The 

optimization model developed for the CBR of 

metakaolin stabilized lateritic soil can be used 

reliably in the prediction of the CBR given any 

arbitrary mix ratio and vice versa. To better 

appreciate the usefulness of the optimization model 

developed, a computer programme should be 

developed to hasten up the optimization process. 
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