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Abstract  This paper presents the results of the correlation between California Bearing Ratio (CBR) and index properties 
of soils. Laboratory tests were carried out to determine soaked CBR, LL, PL, PI, MDD and OMC on soil samples collected 
from Ibiono, Oron and Onna L.G.A. in Akwa Ibom State. A correlation relationship between CBR and soil index properties 
were developed using non-linear and multiple linear regression analysis. Standard Minitab 13 and Microsoft Excel 2013 
software package were used for the analysis. It was shown that a high adjusted coefficient of multiple linear regression value 
R were obtained for Ibiono and Onna. Comparison between laboratory and predicted CBR values obtained from MLR models 
indicate that geotechnical properties; PI and OMC for Ibiono, OMC and MDD for Onna, LL, PL and OMC for Oron can be 
used to predict the soaked CBR values. R2 value of 0.942, 0.731 and 0.653 were obtained from the variation of actual 
laboratory CBR with predicted CBR for Ibiono, Onna and Oron specimen respectively. The correlation matrix between CBR 
and index/geotechnical properties; CBR, LL, PL, PI, MDD and OMC were observed to have high negative values. 
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1. Introduction 
The suitability and stability of soil is usually evaluated 

before its use in construction of pavement. Proper analysis is 
necessary to ensure that Civil engineering infrastructures 
such as roads, buildings, rails, dams, etc. remain safe and 
free to withstand settlement and collapse. Geographical 
variability in soil conditions from one location to another 
makes it difficult to predict the behaviour of soil. As a result, 
soil conditions at every site must be thoroughly investigated 
for proper design [1]. 

In Nigeria, most of the road networks consist of flexible 
pavement which is made up of different layers such as 
sub-grade, sub - base, base course and surface layer. The 
design and performance of this pavement mainly depend on 
the strength of sub-grade material. Sub-grade is the 
bottom-most layer that serves as the foundation of a road 
pavement and the wheel load from the pavement surface is 
ultimately transferred to the sub-grade [2]. The California 
Bearing Ratio (CBR) test is an empirical method of design of 
flexible pavement. The bearing capacity of the soil beneath 
highways, airfield runways and other pavement systems  
are of great importance to the integrity of the pavement. This  
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bearing capacity changes from time to time and can vary 
from place to place within a given area. The thickness of 
subgrade depends on CBR value, subgrade that has lower 
CBR value will have thicker pavement compared with the 
sub grade that has higher CBR value and vice versa.  

However, to conduct a CBR test, representative soil 
sample has to be collected from the location selected, from 
which a remoulded specimen has to be prepared at 
predetermined optimum moisture content and maximum dry 
density with standard proctor compaction and the results 
obtained analysed [3]. Soaked CBR value of a soil sample 
takes about a week, making CBR test expensive, time 
consuming and laborious. All these problems may result in 
delay in the progress of the project and lead to escalation of 
the project cost. To overcome these difficulties, it is 
imperative to predict CBR value of subgrade soil with easily 
determinable parameters. Since CBR test is time-consuming, 
a good indication of CBR values from index tests would be 
beneficial. To this end attempts have been made to relate 
geotechnical test parameters to CBR values, most of them 
with little or moderate success.  

Statistical models of [4] studied the results of over 1000 
soaked CBR tests obtained from road and airport works 
throughout central and southern Africa and prepared a chart 
giving a nest of straight lines that related CBR to plasticity 
index and grading modulus. Gawith and Perrin [5] suggested 
three equations that utilized linear shrinkage, plasticity index, 
grading modulus and the percentages passing the 2 mm, 
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0.425 mm and 0.075 mm sieves to predict the CBR. 
Netterberg and Paige-Green [6] showed that the CBR of 
calcretes increased with the decreasing product of linear 
shrinkage and the percentage passing the 0.425 mm sieve. 
Three CBR prediction equations using optimum moisture 
content, liquid limit, plastic limit and plasticity index, were 
reported by [7] whilst [8] proposed three equations that 
utilized the percentage retained on the 2.36 mm sieve, the 
percentage passing the 0,075 mm sieve, the Proctor dry 
density and the liquid plastic limits. Haupt [9] suggested six 
models to predict the CBR at maximum dry density for 
Proctor compaction using combinations of the grading 
modulus, percentage passing the 0.075 mm sieve. Linear 
shrinkage, plasticity index and liquid limit, the latter three 
parameters each being adjusted by various powers of the 
percentage passing the 0.425 mm sieve. In later work by [10] 
various equations were provided that described this 
relationship. Their approach was also followed by [11], who 
presented a similar finding for Botswana calcretes, 
subsequently republished by [1] for use with laterites. Index 
properties of subgrade soils in different locations in the north 
central and south western part of Nigeria was investigated by 
[12] and [13]. Characterizing field material by using 
laboratory tests is an ongoing problem in the discipline of 
pavement design and construction. However, predictive 
models were used to solve this problem and respective result 
varies with location [3, 7 and 8].  

From the foregoing, it is pertinent to replicate similar 
study in other areas due to difference in soil geological 
formation and variability of test results. Linear regression 
model was utilize in predicting the optimum moisture 
content and maximum dry density of black cotton soil treated 
with iron ore tailing [14]. Non-linear stochastic optimization 
search was used in enhancement of the uniformity of solid 
particles in spouted bed [15]. This study aims to establish a 
correlation between CBR and geotechnical properties of the 
soil with respect to the location of study. If established, the 
result would be useful in predicting the CBR of soil. This 
will save time and cost of carrying out detailed CBR test for 
that location. 

2. Materials and Method 
2.1. Soil 

The lateritic soil samples used in this study were collected 
from three locations (Ibiono, Oron and Onna) in Akwa Ibom 
state, using the method of disturbed sampling. The samples 
were taken at a depth of 0.6 m from the natural earth surface 
to avoid organic matter influence. 

2.2. Index Tests 

Index properties such as sieve analysis with particular 
interest in percentage passing 75 micron aperture (fine 
content), Atterberg test i.e. liquid limit, plastic limit and 

plasticity index and shrinkage limit were investigated. The 
British method [16] for determination of the Atterberg limit 
of the lateritic soil was determined for proper classification 
of the soil using [17]. 

2.3. Compaction  

The standard proctor test described by British method [18] 
was employed in determination of the compaction 
characteristic of the lateritic soil. The Standard Proctor 
compaction utilized 3 layers applying 27 blows each of a 2.5 
kg rammer falling from a height of 300 mm using 1000cm3 
mould. 

2.4. California Bearing Ratio Test 

The strength characteristic test carried out in this study is 
the California bearing ratio (CBR) test. The CBR were 
carried out in conformation with the recommendations of 
[19], which states that specimens be cured for 6 days 
unsoaked (that is, at a temperature of 25±2°C and relative 
humidity of 100%) and immersed in water for 24 hours 
before testing.  

2.5. Simple Non-linear Regression and Multiple Linear 
Regression Analysis 

To establish a relationship between soaked CBR and 
different soil properties, a non-linear stochastic optimization 
and multiple linear regression models were developed in this 
study for predicting soaked CBR value in terms of index and 
compaction characteristics. Graphs were plotted with CBR 
considered as independent variable against different soil 
parameters (LL, PL, OMC and MDD considered as 
dependent variables). Suitable trend lines (non-linear 
regression lines) were drawn for each so as to obtain a 
goodness of fit. The non-linear regression analysis quantifies 
goodness of fit with R2 value. Multiple linear regression 
analysis, MLRA was carried out using standard Minitab 13 
in order to derive the relationship statistically. The R2 value 
for the MLRA provides a measure of how well future 
outcomes are likely to be predicted by the model. MLRA can 
only be carried out when the R2 values of more than one 
dependent variable in the non-linear simple regression 
analysis are greater than 50 percent. Correlation analysis was 
carried out on the data. Correlation quantifies the degree to 
which dependent and independent variables are related. 

3. Results and Discussion 
The results of various soil properties from the experiment 

conducted in the laboratory for twenty - two samples taken 
from 3 locations are shown in Table 1, 2 and 3. The soil 
properties include index properties of soils such as liquid 
limit, plastic limit, compaction characteristics (maximum 
dry density and optimum moisture content) and California 
Bearing Ratio test. 
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Table 1.  Results of Laboratory Test for Soil Samples (Ibiono L.G.A) 

S/No. % Passing 75um LL PL P.I O.M.C M.D.D C.B.R Class of Soil 

1 26.4 44 24.1 19.9 11.3 1.95 3.5 A-2-7 

2 32.1 50.4 28.6 2.8 12.3 1.86 9.1 A-2-7 

3 30.3 41 21.6 19.4 13.7 1.89 5.4 A-2-7 

4 32.8 67.5 37.3 30.2 13.9 1.84 3.2 A-2-7 

5 41.1 72.6 40.2 32.4 13.8 1.82 3.8 A-2-7 

Table 2.  Results of Laboratory Test for Soil Samples (Onna L.G.A) 

S/No. % Passing 75um LL PL P.I O.M.C M.D.D C.B.R Class of Soil 

1 36.9 54 26.6 27.4 16 1.75 3.5 A-7-6 

2 16.9 31.4 20.5 10.9 10 1.94 12.5 A-2-6 

3 26 48 22.9 25.1 12 1.92 16.1 A-2-7 

4 38.4 49.6 27.7 21.9 14.8 1.82 12.1 A-7-5 

5 29.4 30.2 20.1 10.1 13.7 1.83 5.6 A-2-4 

6 18.9 27 17.5 9.5 11.3 1.92 16.7 A-2-4 

7 18.4 28.7 20 8.7 11.5 1.92 16.3 A-2-4 

8 19.1 30 20.1 9.9 11 1.96 16.9 A-2-4 

9 29.3 43.4 23.4 20 12 1.89 18.3 A-2-7 

Table 3.  Results of Laboratory Test for Soil Samples (Oron LGA) 

S/No. % Passing 75um LL PL P.I O.M.C M.D.D C.B.R Class of Soil 

1 39.9 52.4 32.2 20.2 16 1.76 3.7 A-7-5 

2 35.2 54.2 25.5 28.7 15.5 1.7 5 A-2-7 

3 25.7 56.2 20.2 36 13 1.89 16.4 A-2-6 

4 42.5 60.9 32.7 28.2 16.4 1.68 5.5 A-7-6 

5 23 48 22.1 25.9 12.8 1.87 8.9 A-2-6 

6 20.4 40.4 24.2 16.2 12.8 1.79 30.5 A-2-7 

 

The range of parameters studied in this investigation is: % 
passing 75um = 26.4 - 41.1%, LL = 41 - 72.6%, PL = 21.6 - 
40.2%, PI = 2.8 - 32.4%, OMC = 11.3 - 13.9%, MDD = 1.82 
- 1.95 Mg/m3, soaked CBR= 3.2 - 9.1% and the class of soil 
is A-2-7 according to AASHTO (Ibiono soil), while % 
passing 75um = 16.9 - 38.4%, LL = 27 - 54%, PL= 17.5 - 
26.6%, PI = 8.7 - 27.4%, OMC = 10 - 16%, MDD = 1.82 - 
1.96 Mg/m3, soaked CBR = 3.5 – 18.3% and the class of soil 
falls within A-2-4 and A-7-6 according to AASHTO (Onna 
soil) and % passing 75um = 20.4 - 42.5, LL = 40.4 - 60.9%, 
PL = 20.2 - 32.7%, PI = 16.2 - 36%, OMC = 12.8 - 16%, 
MDD = 1.68 - 1.89 Mg/m3, soaked CBR = 3.7 - 30.5% and 
the class of soil falls within A-2-6 and A-7-5 according to 
AASHTO (Oron soil). 

3.1. Simple Regression Analysis (SRA) 

The variations in CBR value which is considered as 
independent variable with LL, PL, PI, MDD and OMC value 
which are considered as the dependent variables are 
presented in Fig 1 - 15 for the three locations respectively. 

Non-linear SRA was carried out using standard statistical 
software like Data Analysis Tool Bar of Microsoft Excel in 
order to derive the relationship statistically. Five non-linear 
models have been developed to show the effect of 
geotechnical properties (LL, PL, PI, MDD and OMC) on 
CBR values of soil. The proposed non-linear models for the 
different soil locations are shown in Figures 1 to 15. Model 1: 
CBR vs. LL, Model 2: CBR vs. PL, Model 3: CBR vs PI, 
Model 4: CBR vs. OMC and Model 5: CBR vs. MDD.  

The statistical parameters indicate that models 3, 4, 9, 10, 
11, 13 and 14 have R- square value (R2) of 0.923, 0.988, 
0.666, 0.727, 0.735, 0.753 and 0.709 respectively, which is 
above 50 %. This implies that a good relationship exist 
between the dependent and independent variable of the 
models. The R2 for models 1, 2, 5, 6, 7, 8, 12 and 15 are less 
than 50%, therefore they have less influence on CBR values 
and will not constitute variables for multiple regression 
analysis for the respective location. Similar study was 
reported by [20] Summary results of non-linear SRA models 
are presented in Table 4, 5 and 6. 
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Table 4.  Summary Result of Simple Regression Analysis (Ibiono L.G.A) 

Model No. Correlation of CBR with Equation of Correlation Coefficient of Correlation (R2) 

1 LL y = -0.0145x2 + 1.5897x - 36.182 R² = 0.422 
2 P.L y = -0.039x2 + 2.3269x - 27.605 R² = 0.403 

3 P.I y = 0.0071x2 - 0.4403x + 10.303 R² = 0.923 
4 OMC y = -3.6197x2 + 91.121x - 564 R² = 0.988 
5 MDD y = -806.29x2 + 3038.9x - 2856.6 R² = 0.422 

Table 5.  Summary Result of Simple Regression Analysis (Onna L.G.A) 

Model No. Correlation of CBR with Equation of Correlation Coefficient of Correlation (R2) 

6 LL y = -0.0463x2 + 3.533x - 49.661 R² = 0.339 

7 P.L y = -0.0713x2 + 2.6595x - 10.132 R² = 0.166 
8 P.I y = -0.0829x2 + 2.6908x - 4.5187 R² = 0.269 
9 OMC y = -0.5764x2 + 13.085x - 58.474 R² = 0666 

10 MDD y = 0.0026x13.316 R² = 0.727 

Table 6.  Summary Result of Simple Regression Analysis (Oron L.G.A) 

Model No. Correlation of CBR with Equation of Correlation Coefficient of Correlation (R2) 

11 LL y = 0.1026x2 - 11.358x + 320.62 R² = 0.735 
12 P.L y = 133.77e-0.104x R² = 0.457 
13 P.I y = 0.178x2 - 9.7089x + 136.52 R² = 0.753 

14 OMC y = 2508.2e-0.392x R² = 0.709 
15 MDD y = 0.0009e5.1646x R² = 0.307 

 
 

 
Figure 1.  Correlation of CBR with LL for Ibiono soil (Model 1) 

 
Figure 2.  Correlation of CBR with PL for Ibiono soil (Model 2) 

 

 
Figure 3.  Correlation of CBR with P.I for Ibiono soil (Model 3) 

 
Figure 4.  Correlation of CBR with OMC for Ibiono soil (Model 4) 
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Figure 5.  Correlation of CBR with MDD of Ibiono soil (Model 5) 

 

Figure 6.  Correlation of CBR with LL of Onna soil (Model 6) 

 

Figure 7.  Correlation of CBR with PL of Onna soil (Model 7) 

 
Figure 8.  Correlation of CBR with PI of Onna soil (Model 8) 

 

Figure 9.  Correlation of CBR with OMC of Onna soil (Model 9) 

 

Figure 10.  Correlation of CBR with MDD of Onna soil (Model 10) 

 
Figure 11.  Correlation of CBR with LL of Oron soil (Model 11) 

 

Figure 12.  Correlation of CBR with PL of Oron soil (Model 12) 
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Figure 13.  Correlation of CBR with PI of Oron soil (Model 13) 

 

Figure 14.  Correlation of CBR with OMC of Oron soil (Model 14) 

 

Figure 15.  Correlation of CBR with MDD of Oron soil (Model 15) 

3.2. Multiple Linear Regression Analysis (MLRA) 

To develop the models of multiple linear regression 
analysis, soaked CBR value is considered as a dependent 
variable while soil properties such as: LL, PL, PI, MDD and 
OMC are considered as the independent variables. MLRA 
was carried out using standard Minitab 13 in order to derive 
the relationship statistically. For Ibiono, Oron and Onna soil 
samples, the R2 values of more than one dependent variable 
is greater than 50 percent, hence MLRA was easily 
developed. The mathematical relationships are shown in the 
following equations below: 

CBR(Ibiono) = -1.656 - 0.239PI + 0.898OMC   (1) 
CBR(Onna) = -257.843 + 2.36OMC + 128.186MDD  (2) 
CBR(Oron) = 90.17 + 0.415LL - 0.815PI - 5.481OMC  (3) 

Equation 1, 2 and 3 have R2 values 0.942, 0.731, 0.653 and 
adjusted R2 of 0.884, 0.641 and 0.132 respectively. These 
results show that CBR values is greatly influenced by 
independent positive coefficient variables of; OMC for (1); 
OMC, MDD for (2) and LL for (3). The t-statistic and 
p-value of multilple linear regression analysis for Ibiono, 
Onna and Oron soil samples are shown in Table 7, 8 and 9. 

Table 7.  Results of MLRA for Ibiono soil 

Variables Coefficients t Stat P-value R-square 

Intercept -1.656 -0.314 0.783 R2 = 0.942 

PI -0.239 -5.528 0.031 Adjusted R2 = 
0.884 

OMC 0.898 2.039 0.178  

Table 8.  Results of MLRA for Onna soil 

Variables Coefficients t Stat P-value R-square 

Intercept -257.843 -1.781 0.125 R2 = 0.731 

OMC 2.367 1.072 0.325 Adjusted R2 = 
0.641 

MDD 128.186 2.046 0.087  

Table 9.  Results of MLRA for Oron soil 

Variables Coefficients t Stat P-value R-square 

Intercept 90.169 2.101 0.170 R2 = 0.653 

LL 0.415 0.148 0.896 Adjusted R2 = 
0.132 

PI -0.815 -0.376 0.743  

OMC -5.481 -0.691 0.561  

3.3. Comparison between Predicted and Laboratory 
Results 

Comparison between the measured laboratory results and 
predicted values from the regression model using a linear 
relationship shows a strong relationship between the 
measured laboratory result and predicted values from the 
model with a correlation coefficient R2 = 0.942, 0.731 and 
0.653 for Ibiono, Onna and Oron soils respectively, See Fig 
16, 17, 18 and Table 10, 11 and 12. 

Table 10.  Result obtain from Multiple Linear Regression Analysis 
Equation for Ibiono Sample 

CBR Laboratory Predicted CBR Error % Error 

3.5 3.74 0.235 6.7 

9.1 8.72 0.380 4.2 
5.4 6.01 0.610 11.3 
3.2 3.61 0.408 12.8 

3.8 2.99 0.807 21.2 
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Figure 16.  Variation of actual CBR with predicted CBR in Ibiono soil 

Table 11.  Result obtain from Multiple Linear Regression Analysis 
Equation for Onna Sample 

CBR Laboratory Predicted CBR Error % Error 

3.5 4.20 0.70 20.0 

12.5 14.39 1.89 15.1 
16.1 16.55 0.45 2.8 
12.1 10.34 1.76 14.5 

5.6 9.03 3.43 61.2 
16.7 14.90 1.80 10.8 
16.3 15.37 0.93 5.7 

16.9 19.31 2.41 14.3 
18.3 12.70 5.60 30.6 

 

 
Figure 17. Variation of actual CBR with predicted CBR in Onna soil 

Table 12.  Result obtain from Multiple Linear Regression Analysis 
Equation for Oron Sample 

CBR Laboratory Predicted CBR Error % Error 

3.7 7.76 4.06 109.6 
5 4.32 0.68 13.7 

16.4 12.90 3.50 21.3 
5.5 2.57 2.93 53.3 
8.9 18.82 9.92 111.5 

30.5 23.58 6.92 22.7 

 

 

Figure 18.  Variation of actual CBR with predicted CBR in Oron soil  

3.4. Correlation Analysis 

The relationship between California bearing ratio, CBR, 
and the parameters associated with California bearing ratio  
(% passing 75 µm or silt content; LL; PL; PI; OMC and 
MDD) shows varying degree of relationships. Detailed 
results are presented in table 13, 14 and 15. High and 
negative correlation was observed between CBR and PI 
(-0.906; P<0.05) for Ibiono soil sample. The correlation 
ranges from -0.906 to -0.079 as shown in table 13. The 
correlation relationship between CBR with soil properties 
for Oron sample ranges from -0.776 to 0.398. High and 
negative correlation coefficient was observed between CBR 
and % passing 75 µm sieve (-0.776; P<0.05), and the highest 
positive correlation coefficient was recorded between CBR 
and MDD (0.398; P<0.05) (see table 14). In the case of Onna 
soil sample, correlation coefficient between CBR and OMC 
recorded high and negative value (−0.737; P>0.05), the 
highest correlation coefficient was observed between CBR 
and MDD (0.824; P>0.05) (see table 15). 

 
Table 13.  Correlation Matrix (Pearson) for California Bearing Ratio and other Soil Properties (Ibiono Soil) 

 
C.B.R % PASSING 75um LL PL P.I O.M.C M.D.D 

C.B.R 1 
      

% PASSING 75um -0.08025 1 
     

LL -0.37207 0.83347 1 
    

PL -0.32265 0.826914 0.997336 1 
   

P.I -0.90612 0.468107 0.652678 0.601068 1 
  

O.M.C -0.23235 0.653829 0.572579 0.529922 0.571271 1 
 

M.D.D -0.07868 -0.88493 -0.82431 -0.82468 -0.32958 -0.77825 1 

 

y = 0.940x + 0.313
R² = 0.941

2
3
4
5
6
7
8
9

10

2 4 6 8 10

CB
R 

Pr
ed

ic
te

d 
(%

)

CBR Laboratory (%)

y = 0.732x + 3.376
R² = 0.730

2
4
6
8

10
12
14
16
18
20
22

0 5 10 15 20

CB
R 

Pr
ed

ic
te

d 
(%

)

CBR Laboratory (%)

y = 0.653x + 4.038
R² = 0.652

2

7

12

17

22

27

0 10 20 30
CB

R 
Pr

ed
ic

te
d 

(%
)

CBR Laboratory (%)



Resources and Environment 2017, 7(4): 94-102 101 

Table 14.  Correlation Matrix (Pearson) for California Bearing Ratio and other Soil Properties (Oron Soil) 

C.B.R PASSING 75um LL PL P.I O.M.C M.D.D 

C.B.R 1 
PASSING 75um -0.77646 1 

LL -0.7111 0.749269 1 
PL -0.51433 0.870704 0.395302 1 
P.I -0.34152 0.113669 0.725875 -0.34486 1 

O.M.C -0.72938 0.985066 0.652378 0.891541 -0.00095 1 
M.D.D 0.39884 -0.76676 -0.35568 -0.78617 0.225235 -0.85462 1 

Table 15.  Correlation Matrix (Pearson) for California Bearing Ratio and other Soil Properties (Ibiono Soil) 

C.B.R % PASSING 75um LL PL P.I O.M.C M.D.D 

C.B.R 1 
% PASSING 75um -0.56768 1 

LL -0.32284 0.829784 1 

PL -0.38458 0.880182 0.930484 1 
P.I -0.28118 0.770763 0.98669 0.85853 1 

O.M.C -0.73651 0.928674 0.706631 0.760367 0.651569 1 

M.D.D 0.823967 -0.8866 -0.64984 -0.70437 -0.59693 -0.96558 1 

4. Conclusions
The following conclusions were drawn: 
The statistical parameters indicate that the non-linear 

regression analysis showed strong correlation between; CBR 
and (PI, OMC) for Ibiono; CBR and (OMC, MDD) for Onna; 
CBR and (LL, PI, OMC) for Oron specimen. 

Based on the model developed from multiple linear 
regression, a comparison between the laboratory and 
predicted CBR values shows that the geotechnical properties; 
(PI, OMC) for Ibiono, (OMC, MDD) for Onna and (LL, PI, 
OMC) for Oron soils can be used to effectively predict CBR 
values.  

Samples used in this study were representative specimens 
and constitute the predominance found in the study location. 
However, accuracy of predicted results may be enhanced 
further by conducting relevant tests on more samples than 
were used in this study. Based on regression and correlation 
analysis, it is recommended that a good measure of quality 
control of PI, MDD, OMC and LL variables are significant 
during field compaction and incorporation of these variables 
into a measure of quality control and specification will help 
to achieve durable road pavement.  
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