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ABSTRACT

In Highway design, California Bearing Ratio (CBR) is one of the most
important methods to determine the strength of the subgrade
material. To carry out CBR tests requires considerable time and
effort, therefore it is vital to develop models for the prediction of CBR
value. This research work aims to develop a statistical model to
predict the CBR values of soil using their basic engineering
properties which was achieved by collecting results from 46 disturb
samples of trial pits and then developing a statistical regression
model to predict the CBR. A prediction is a vital tool in Engineering
that aid quick decision making. This study is an attempt to develop
valid models to determine the CBR value from index properties of soil
(such as LL, PL, Pl, MDD and OMC) which are quicker to estimate
from their standard method of testing. Various laboratory test results
were collected from the ongoing Construction of East-West road,
Section Il (spanning from Port Harcourt to Kaiama). Various
relationships between index properties and CBR of the collected
samples were investigated using simple and multiple regression
analysis and also predictive equations estimating CBR from the
experimental index values were developed.
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INTRODUCTION

Soil is usually evaluated to ascertain its
suitability for the purpose it will be used for.
Proper analysis is necessary to ensure that Civil
Infrastructures such as roads, buildings, rails,
dams, etc are safe and can withstand the load it
is intended to carry. Geographical variance in soil
conditions from one location to another makes it
difficult to predict the behaviour of soil at every
point. This has made it important for soil
conditons at every site to be evaluated
thoroughly for proper design and subsequent
construction.

Most of our roads in Nigeria are
constructed with flexible pavement which is made
up of different layers such as subgrade, sub-
base, base course and surface layer. The design
and performance of this pavement type mainly
depend on the strength of the sub-grade

material. The sub-grade is the bottom layer and
serves as the foundation of road pavement and
the load from the pavement is finally transferred
to the sub-grade (Adeyemi, et al., 2014)

The California Bearing Ratio (CBR) test
is a measure of the resistance of a material to
penetration of standard plunger under controlled
density and moisture conditions. It is a laboratory
(or in-situ) testing method to estimate the bearing
value and the mechanical strength of highway
subgrades in road construction. It was developed
by the California Division of Highways as a
method of classifying and evaluating soil-
subgrade and base course materials for flexible
pavements. It is the most widely used strength
parameter for subgrade soils in flexible pavement
design. CBR test may be conducted in the
remoulded or undisturbed sample (Vishal and
Yadav, 2016)
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The laboratory CBR apparatus consists
of a mould of 150 mm diameter with a base plate
and a collar, a loading frame and dial gauges for
measuring the penetration values and the
expansion on soaking. The specimen in the
mould is soaked in water for 4 days and the
swelling and water absorption values are noted.
The surcharge weight is placed on the top of the
specimen in the mould and the assembly is
placed under the plunger of the loading frame
(ASTM, “D 1883-05).

In the Ministry of Niger Delta Affairs,
road designs are usually contracted out to
Consultants and it is always a difficult task
confirming submitted values of CBR results used
in the design of roads by the Consultants due to
the following reasons; The process of laboratory
testing of soil to get their CBR values consumes
a lot of time and it involves a lot of labour,
Insecurity in the Niger Delta Region, Funding
constraints, Limited amount of confirmed CBR
data in the Region.

Some of the Consultants exploit these
limitations of the Ministry and this has led to
designs conducted with poor CBR results to be
used for road construction in the Niger Delta
Region which has, in turn, led to road failures
within the designed life of many projects in the
Region.

CBR testing is time consuming,
laborious and requires a high level of expertise
for accurate results. The Ministry hardly verifies
the CBR results used by Consultants for road
designs due to the constraints mentioned above.
This which led to failure within the designed life
of many roads constructed within the Region.
The application of prediction models might go a
long way in validating the CBR values submitted
by Consultants for road designs.

LITERATURE REVIEW

Different researchers have worked in
this context. Various studies i.e. Black in
1962, Graft-Johns on & Bhatia in 1969,
Agarwal and Ghanekar in 1970 and NCHRP
in 2001 [i-iv] have focused the effect of
geotechnical characteristics of soils and soil
types on CBR values. Many researchers have
made attempts to develop effective correlations

for prediction of California Bearing Ratio (CBR)
from index properties of soils.

Black in 1962aimed to develop an
approximate method to quickly predict the CBR
value. He established predictive models to
predict CBR value based on Plasticity index [i].

Agarwal and Ghanekar in 1970
established a relation between CBR value and
different index properties of soil [iii]. Following
prediction model was proposed using liquid limit
and optimum moisture content.

CBR=2-16log(OMC) + 0.07LL (1)

Yildirim&Gunaydin (2011) proposed
following correlation for CBR soaked value with
index properties of fine grained soils [iv].

CBR=0.620MC+58.9MDD+0.11LL+0.53PL-
126.18 2)

Nugroho and Sri (2012) compared
value of CBR given by un-soaked and soaked
test and proposed following linear correlation
of un-soaked and soaked CBR value with Index
properties of soils

ACBR = 25+C1 - CoLL - CsPl + 3.50MC  (3)

Where C1, Cz, Cs, are coefficients depending
upon the clay fraction.

Predicton models for CBR value
documented in the National Cooperative
Highway Research Program (2004) of the United
States of America through the “Guide for
Mechanical- Empirical Design of New and
Rehabilitated Pavement Structures” developed
some correlations that describe the relationship
between soil index properties and CBR values
based on a simple regression approach.
Separate relationships were determined for
coarse-grained soils that exhibit non-cohesive
behaviour (GW, GP, SW, and SP) and for soils
with more than 12 per cent fines that exhibit
plastic behaviour (GM, GC, SM, SC, ML, MH,
CL, and CH). A prediction model based on
plasticity index is quoted for fine-grained soil and
coarse-grained soil (wPl = 0) D60, diameter at
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60% passing from grain size distribution is used

as a predictor.

CBR=—— (4)

1+0.728wPI

CBR = 28.09D60°3°8 (5)
Where: - D60 = Diameter on the cumulative size
distribution curve where 60 percent of particles
are finer (in millimeters)

wPI = Weighted Plasticity Index

Some other prediction models for CBR
value from literature is presented in Table I. All
these prediction models have their limitations.
Hence, while adopting any prediction model,
calibration of the models based on local materials
situation is essential. Otherwise, a new model
should be developed based on the actual data.
No such attempt is made to develop prediction
models for CBR value using locally available
geo-materials in Port Harcourt and Kaiama axis.
This study aims to develop valid prediction

East-West Road 0]

Summary of Laboratory Test Results: To
analyze the intended correlation, the test results
were compiled and summarized in Table 1 and
Table 2 shows the statistical data of the test

Figure 1: Map of East-West Road Section |l

models using locally available geo-materials in
Port Harcourt through Kaiama using East-West
Road Section Il which runs through Port Harcourt
and Kaiama.

MATERIALS

Sample Collection: To have sufficient and
reliable data to achieve the objectives of the
research study, laboratory tests were conducted
on soil samples obtained randomly from the
East-West Road (Section Il — Port Harcourt to
Kaiama). The samples were collected from the
mentioned road construction project during the
excavation stage. A total of 46 disturbed samples
were gathered within the stretch of the road. The
representative samples were selected based on
visual identification of suitable subgrade soil. The
location of the collected soil samples site is
shown with the aid of a map in Figure 1.

(Port Harcourt to Kaiama)

results showing the mean and standard deviation
of the dependent variable (CBR) and the
independent variables (P200, LL, PL, PI, MDD,
OMC).
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Table 1: Summary of Laboratory Test Results

S/No | Location Grain Atterberg Limits Modified Proctor Test | California
Size [iouid [ Plastic | Plasticity | Maximum | Optimum | Searing
Analysis | \imit | Limit | Index | Dry Moisture | 2O
% .
Passing Density Content
CH. P200 LL PL PI MDD omMmc CBR
(%) (%) | (%) (%) (gmicc) | (%) (%)
1 1+460 - 2+460 39.3 424 20.5 219 1.79 16.3 12
2 2+460 - 3+460 40.1 43.3 19.4 23.9 1.82 14.5 13
3 3+460 - 4+460 35.1 39.8 18 21.8 1.8 14.7 14
4 4+460 - 5+460 39.6 35.6 18.1 17.5 1.81 15 12
5 6+000 - 7+000 36 35.3 15.3 20 1.76 16 13
6 7+000 - 8+000 355 34.2 16.4 17.8 1.75 15.4 14
7 9+800 - 10+300 | 41.6 42 18.5 235 1.78 14.5 12
8 10+300 - 10+800 | 42.4 442 18.4 25.8 1.73 18.2 5
9 10+800 - 11+300 | 44.4 40.2 22.3 17.9 1.69 18.4 1
10 13+450-13+850 | 40.3 442 22.3 21.9 1.67 18.2 12
1 13+850-14+175 | 37.7 432 235 19.7 1.68 18.5 15
12 14+175-15+000 | 36.3 35 18.5 16.5 1.75 16.3 14.5
13 15+000 - 16+000 | 33.5 33.2 14.9 18.3 1.76 14.6 15
14 16+000 - 17+000 | 51.7 50.2 18.2 32 1.74 171 6
15 17+000 - 18+000 | 38.1 413 22 19.3 1.72 16.4 15
16 18+000 - 19+000 | 38.6 345 16.1 18.4 1.79 15.2 16
17 20+000 - 21+000 | 23.7 19.3 14.4 49 1.86 1.2 16
18 24+500 - 24+750 | 44.5 39.4 214 18 1.76 16.8 8
19 24+750 - 25+000 | 42.2 35.6 17.7 17.9 1.81 16 6
20 25+000 - 25+275 | 36.2 33.2 18.6 14.6 1.78 16.4 1
21 47+500 32 275 15.6 11.9 1.86 14.4 17
22 47+750 32.8 29.5 17.5 12 1.82 17 12
23 43+000 35.9 41 25.4 15.6 1.87 15 16
24 43+250 31.9 322 15.1 17.1 1.86 13.9 14
25 43+500 34.4 40.7 23.9 16.8 1.87 15.9 16
26 48+750 35.8 445 24.9 19.6 1.8 15.8 13
27 49+000 335 37.3 18.7 18.6 1.85 15.9 13
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S/No | Location Grain Atterberg Limits Modified Proctor Test | California
Size Liauid | Plastic | Plasticity | Maxi Opti Bearing
Analysis iqui lastic asticity | Maximum | Optimum | o ..
Y Limit | Limit | Index Dry Moisture
P° . Density | Content
assing
CH. P200 LL PL PI MDD oMC CBR
(%) (%) (%) (%) (gmice) | (%) (%)
28 49+250 35 42 22.9 19.1 1.81 16.8 15
29 49+500 29.7 36 19 17 1.86 15.2 16
30 49+750 335 425 21.8 20.7 1.8 14.4 1
3 50+000 35.3 425 21 215 1.8 174 16
32 50+250 41.6 46.5 22.2 243 1.81 15.6 8
33 50+500 324 394 19.3 20.1 1.83 15 18
34 50+750 35 41.3 221 19.2 1.85 16.7 15
35 51+000 35.3 43.4 21.7 21.7 1.79 17.3 1"
36 51+250 314 38.2 19.7 18.5 1.82 16.4 15
37 51+500 36.6 43 21.3 21.7 1.76 16.5 15
38 51+750 349 449 244 20.5 1.72 171 13
39 52+000 29.6 35 23.8 11.2 1.83 15.7 15
40 52+250 354 442 25.1 19.1 1.7 18.2 10
41 52+500 335 40.2 214 18.8 1.78 16.9 16
42 52+750 38.1 41.7 21.9 19.8 1.69 17.3 12
43 67+000-67+500 | 53.7 62.9 30.9 32 1.76 17.8 8.3
44 76+000 57.3 67.2 29.6 376 1.82 15.7 9
45 91+500-92+000 | 78 56.8 30 26.8 1.79 17 6.6
46 96+000-96+500 | 89.8 60.8 37.9 229 1.77 16.6 9
Table 2: Statistical Data of Test Results
Variable Type | Variable | Unit of No. of Ranges Mean Standard
Name Measurement | Samples Deviation
Min. Max.
Dependent CBR % 46 5 18 12.61739 | 3.20517953
Independent P200 % 46 23.7 89.8 39.33043 | 11.2935701
LL % 46 19.3 67.2 41.02826 | 8.46996389
PL % 46 14.4 37.9 21.12174 | 4.5416389
Pl % 46 49 37.6 19.90652 | 5.34132381
MDD gm/cc 46 1.67 1.87 1.786304 | 0.05247603
omC % 46 11.2 18.5 16.11304 | 1.38746072
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METHODS OF TESTING

Single Linear Regression Analysis (SLRA): To
establish a relation between soaked CBR and
different soil properties, graphs are plotted with
CBR against different soil parameters and the
suitable trend line is drawn with a higher
correlation coefficient. Correlation quantifies the
degree to which dependent and independent
variables are related. Linear regression quantifies
goodness of fit with the R2? value. R? value
provides a measure of how well future outcomes
are likely to be predicted by the model. Any
correlation with an R? value of more than 0.80 will
be viewed as the best fit.

Multiple Linear Regression Analysis (MLRA):
Multiple linear regression (MLRA) also known as
multiple regression is used to determine a
mathematical relationship among several random
variables.

In other terms, MLRA examines how multiple
independent variables are related to one
dependent variable. Once each of the
independent factors has been determined to
predict the dependent variable, the information
on the multiple variables can be used to create
an accurate prediction on the level of effect they
have on the outcome variable. The model
creates a relationship in the form of a straight line
(linear) that best approximates all the individual
data points.

20

15

20 40

CBRvs P200

P200

In principle, multiple linear regression is
a simple extension of linear regression, but
instead of relating one dependent outcome
variable y to one independent variable x, one
tries to explain the outcome value y as the
weighted sum of influences from multiple
independent variables x1, x2, x3,....
In equation form,
y=k+ax1+bx2+cx3+...+R2

where k is the intercept of the line on
the y-axis; a, b, and c are the slopes of the
relations between y and x1, x2, and x3,
respectively; and R? is again the random error
term. This is just plotting the best-fit line, but
instead of doing it on a two-dimensional graph, it
is plotted through n + 1-dimensional space (n
independent  variables plus  one dependent
variable). For regression analysis in this research
study, the use of Microsoft Excel was deployed.

RESULTS AND DISCUSSION
Correlation
Scatter Plot

To study the relationship between the
independent variable and the dependent
variable, a scatter plot is generated using
Microsoft Excel software. This is done to
determine the strength of the relationship
between the independent and dependent
variables. Considering the data in Table 1, the
scatter plot showing the different relationships
are presented in Figure 2 - 7.

y =-0.1734x + 19.438
R?2=0.3734

60 80 100

Figure 2: Scatter plot of CBR vs Percentage Passing Sieve No. 200
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y =-0.199x + 20.781

20 CBRvs LL R? = 0.2765
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Figure 3: Scatter plot of CBR vs Liquid Limit
y =-0.2263x + 17.398
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Figure 4: Scatter plot of CBR vs Plastic Limit
y =-0.3367x + 19.321
20 CBR vs PI R%=0.3149
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Figure 5: Scatter plot of CBR vs Plasticity Index
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y =20.573x - 24.131
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Figure 4-6: Scatter plot of CBR vs MDD
y = -0.8878x + 26.923
20 CBR vs OMC R2=0.1477
o 0?00 OO
15 N R
o
. <
N
& 10 X <
o 8 % o
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Figure 7: Scatter plot of CBR vs OMC

From the above scatter diagrams, it is
obvious that no simple line or curve can pass
through all the points but the points lie scattered
randomly around a straight line, particularly for
the Percentage Passing Sieve No.200, Liquid
Limit and Plasticity Index.

While the plots of other independent
variables such as Plastic Limit, Maximum Dry
Density, Optimum Moisture Content fall a bit
farther away from the possible straight line.
Relatively the scatter plots indicate a linear

response and hence, a linear regression model
expresses the association between the subject
parameters.

Pearson’s Correlation Coefficient

To further determine the degree of
association between the variables, a linear
regression analysis has been done and the
respective Correlation Coefficients established.
The Pearson’s Correlation Coefficient matrix is
shown below in Table 3
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Table 3: Pearson’s correlation coefficient

Pearson’s Correlation | P200 PL Pl MDD (0]"[o CBR

(R) (%) LL (%) | (%) (%) (gm/cc) | (%) (%)

P200 (%) 1.00

LL (%) 0.75 1.00

PL (%) 0.71 0.83 1.00

Pl (%) 0.59 0.88 047 1.00

MDD (gmicc) -0.22 -0.27 -0.16 -0.29 1.00

OMC (%) 0.30 0.47 0.43 0.38 -0.66 1.00

CBR (%) -0.61 -0.53 -0.32 -0.56 0.34 -0.38 1.00
The higher the R-value, the better the following single linear equation with its

correlation between the variable, a range of R-
value between +40 - +69 shows a strong
relationship between the variables. From the
above linear relationship, it shows that the
Passing Sieve No0.200, Liquid Limit and Plasticity
Index posts the highest Correlation Coefficient
(R) value against the CBR. Therefore, the
variables Passing Sieve No.200, Liquid Limit and
Plasticity Index have a higher degree of
association with the CBR than the other
variables. In addition to the correlation analysis,
some other alternative linear regression analysis
that best fits the obtained results have been
carried out. The detailed results of the single and

multiple linear regression analysis using
Microsoft Excel Software are summarized
subsequently.

Single Linear Regression Analysis
Model 1: Correlation Between CBR and
Passing Sieve No.200 (P200)

The resulting regression analysis after
correlating CBR with P200 is expressed by the
following single linear equation with its
corresponding correlation coefficients:

CBR =19.438 - 0.173(P200) (6)
R=0.61and R2=0.37 n=46

The details of the statistical output
indicate that the relationship developed between
P200 and CBR is significant (0<0.05)

Model 2: Correlation Between CBR and Liquid
Limit (LL)

The resulting regression analysis after
correlating CBR with LL is expressed by the

corresponding correlation coefficients:
CBR=20.781-0.199(LL) (7)
R=0.53 and R2=0.28 n=46

The details of the statistical output
indicate that the relationship developed between
LL and CBR is significant (a<0.05)

Model 3: Correlation Between CBR and
Plastic Limit (PL)

The resulting regression analysis after
correlating CBR with PL is expressed by the
following single linear equation with its
corresponding correlation coefficients:
CBR=17.398-0.226(PL)  (8)

R=0.32 and R2=0.10 n=46

The details of the statistical output
indicate that the relationship developed between
PL and CBR is significant (0<0.05)

Model 4: Correlation Between CBR and
Plasticity Index (PI)

The resulting regression analysis after
correlating CBR with Pl is expressed by the
following single linear equation with its
corresponding correlation coefficients:
CBR=19.321-0.337(Pl)  (9)

R =0.56 and R2=0.31 n=46

The details of the statistical output
indicate that the relationship developed between
Pl and CBR is significant (a<0.05)

Model 5: Correlation Between CBR and
Maximum Dry Density (MDD)

The resulting regression analysis after
correlating CBR with MDD is expressed by the
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following single linear equation with its
corresponding correlation coefficients:
CBR =-24.131 +20.573(MDD) (10)
R=0.34 and R2=0.11 n=46

The details of the statistical output
indicate that the relationship developed between
MDD and CBR is significant (a<0.05) as shown
in Model-5 of Appendix A.

Model 6: Correlation Between CBR and
Optimum Moisture Content (OMC)

The resulting regression analysis after
correlating CBR with OMC is expressed by the
following single linear equation with its
corresponding correlation coefficients:

CBR =26.923 - 0.883(0OMC)  (11)
R=0.38 and R2=0.15 n=46

The details of the statistical output
indicate that the relationship developed between
OMC and CBR is significant (a<0.05)

The above developed single linear
regression models, based on the significant
standard error (o) and coefficient of
determination (R?), indicates that the CBR value
correlates relatively better with Passing Sieve
No.200, Liquid Limit and Plasticity Index which
suggests that these variables can be used to
form the multiple regression models that could
yield a better correlation result. While the
remaining parameters showed a weak
relationship with CBR.

Multiple Linear Regression Analysis (MLRA)

The following suggested variables
Passing Sieve No0.200, Liquid Limit and Plasticity
Index were used against the CBR to run MLRA
and the following results were obtained:

Model 7: Correlation Between CBR with P200
and LL

The resulting regression analysis after
correlating CBR with P200 and LL is expressed
by the following multiple linear equation with its
corresponding correlation coefficients:
CBR =20.513 - 0.141(P200) — 0.057(LL) (12)
R=0.62and R2=0.38 n=46

The details of the statistical output
indicate that the relationship developed between
CBR with P200 and LL is significant (a<0.05)

Model 8: Correlation Between CBR with P200
and Pl
The resulting regression analysis after
correlating CBR with P200 and Pl is expressed
by the following multiple linear equation with its
corresponding correlation coefficients:
CBR =21.103 - 0.122(P200) — 0.185(PI) (13)
R =0.66 and R2=0.44 n= 46
The details of the statistical output
indicate that the relationship developed between
CBR with P200 and Pl is significant (a<0.05)

Model 9: Correlation Between CBR with LL
and Pl

The resulting regression analysis after
correlating CBR with LL and Pl is expressed by
the following multiple linear equation with its
corresponding correlation coefficients:
CBR =20.030 — 0.054(LL) - 0.262(PI) (14)
R=0.57 and R2=0.32 n=46

The details of the statistical output
indicate that the relationship developed between
CBR with LL and Pl is significant (a<0.05)

Model 10: Correlation Between CBR with
P200, LL and PI
The resulting regression analysis after
correlating CBR with P200, LL and Pl is
expressed by the following multiple linear
equations with its corresponding correlation
coefficients:
CBR = 19.346 - 0.173(P200) - 0.189(LL) -
0.386(PI) (15)
R=0.69 and R2=0.47 n= 46
The details of the statistical output
indicate that the relationship developed between
CBR with P200, LL and Pl is significant (a<0.05)

Model 11: Correlation Between CBR with
P200, LL, PL, PI, MDD and OMC
The resulting regression analysis after
correlating CBR with P200, LL, PI, MDD and
OMC is expressed by the following multiple linear
equation with its corresponding correlation
coefficients:
CBR = 23.325 - 0.183(P200) - 0.153(LL) +
0.412(PL) + 1.562(MDD) - 0.539(OMC)
(16)
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R=0.72 and R2=0.52 n=46

The details of the statistical output
indicate that the relationship developed between
CBR with P200, LL, PI, MDD and OMC is
significant (0<0.05)

From the above, it can be deduced that
the MLRA vyielded higher R? values than the
SLRA. The Model-V from the MLRA yielded the
highest R? value amongst the above-stated
Models. Furthermore, the correlation results are
summarized in Table 4.

Table 4: Summary of regression analysis with an order of significance

Regression Model Order of
T ge Name Equation R Rz | Significance in
yp terms of R2

S Model 1 | CBR =19.438 — 0.173(P200) 0.61 | 0.37 1

[72]

@ Model 2 | CBR=20.781-0.199(LL) 0.53 | 0.28 3

[=2]

e 2 Model 3 | CBR =17.398 - 0.226(PL) 032 | 0.10 6

= T

g 2 Model 4 | CBR=19.321-0.337(PI) 056 | 0.31 2

; Model 5 | CBR=-24.131 + 20.573(MDD) 0.34 | 0.11 5

(=]

5 Model 6 | CBR =26.923 - 0.888(0OMC) 038 | 0.15 4

S Model 7 | CBR =20.513 - 0.141(P200) — 0.057(LL) 0.62 | 0.38 4

[72]

3 Model 8 | CBR =21.103 —0.122(P200) — 0.185(PI) 0.66 | 044 3

(=]

& 0 Model 9 | CBR =20.030 — 0.054(LL) — 0.262(PI) 057 | 0.32 5

- D

33 CBR =19.346 - 0.173(P200) — 0.189(LL) -

5= | M0 ] o3y 069 | 047 2

£ Model 11 CBR =23.325 - 0.183(P200) — 0.153(LL) +

= 0.412(PL) + 1.562(MDD) - 0.539(0OMC) 072 | 052 1

Validation of Developed Correlation
To validate the results of the correlations conducted, the Model-11 [CBR = 23.325 — 0.183(P200) -

0.153(LL) + 0.412(PL) + 1.562(MDD) —

0.539(OMC) lis selected based on the order of significance in terms

of R2. Using the results of the CBR tests and the selected correlation equation, the predicted CBR values are
determined and compared with the actual CBR values. Table 5 shows the compared results below;

Table 5: Validation of the developed correlation

Actual | Predicted
CH. P200 | LL f PLf Pl } MDD fOMC | ~pp | cgr | pifference
(%) | (%) | (%) | (%) | (gmicc) | (%) | o 0
(%) (%)
1+460 - 2+460 39.3 | 424 | 205 | 21.9 1.79 16.3 12 12.1 -0.1
2+460 - 3+460 401 | 433 | 194 | 239 1.82 14.5 13 12.4 0.6
3+460 - 4+460 351 | 398 | 18 | 21.8 1.8 14.7 14 13.1 0.9
4+460 - 5+460 396 | 356 | 181 | 175 1.81 15 12 12.8 -0.8
6+000 - 7+000 36 353 [ 1563 | 20 1.76 16 13 11.8 1.2
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Actual | Predicted
CH. F;f/:’)o (';/';) (F,,'/:') (50') (gm?c) ?!‘/’o'f CBR | CBR | Difference
(%) (%)
7+000-8+000 | 355 | 342 | 164 | 178 | 175 | 154 | 14 12.8 1.2
9+800-10+300 | 416 | 42 | 185|235 | 178 | 145 | 12 1.9 0.1
10+300-10+800 | 42.4 | 442 [ 184 | 258 | 173 | 182 | 5 9.3 43
10+800- 114300 | 44.4 | 402 [223 | 179 | 169 | 184 | 11 1.0 0.0
13+450-13+850 | 403 | 44.2 | 223 | 219 | 167 | 182 | 12 1.2 08
13+850-14+175 | 37.7 | 43.2 | 235 197 | 168 | 185 | 15 12.2 28
14+175-15+000 | 36.3 | 35 | 185 165 | 175 | 163 | 145 | 129 16
15+000- 16+000 | 335 | 33.2 | 149 | 183 | 1.76 | 146 | 15 13.1 19
16+000-17+000 | 517 | 502 | 182 32 | 174 | 174 | & 7.2 1.2
17+000- 18+000 | 38.1 | 41.3 | 22 | 193 | 172 | 164 | 15 12.9 21
18+000- 19+000 | 38.6 | 345 | 161 | 184 | 179 | 152 | 16 12.2 38
20+000-21+000 | 237 | 193 | 144 | 49 | 186 | 12 | 16 18.8 28
24+500-24+750 | 445 | 394 | 214 | 18 | 176 | 168 | 8 1.7 37
24+750-25+000 | 422 | 356 |17.7 | 179 | 181 | 16 | 6 1.7 5.7
25+000-25+275 | 362 | 332 | 186 | 146 | 178 | 164 | 11 13.2 2.2
47+500 2 | 275156 | 119 | 186 | 144 | 17 14.8 2.2
47+750 328 205 | 175] 12 | 182 | 17 | 12 13.7 1.7
48+000 359 | 41 | 254|156 | 187 | 15 | 16 15.8 0.2
48+250 319 [ 322 154 174 186 | 139 | 14 14.2 0.2
48+500 344 | 407 | 239 168 | 187 | 159 | 16 15.0 1.0
48+750 358 | 445 | 249|196 | 18 | 158 | 13 14.5 15
49+000 335 | 373 [187 [ 186 | 185 | 159 | 13 13.5 05
49+250 35 | 42 [220] 194 ] 181 | 168 | 15 13.7 13
49+500 207 | 36 | 19 | 17 | 186 | 152 | 16 14.9 1.1
49+750 335 | 425 | 218|207 | 18 | 144 | 11 14.7 3.7
50+000 353 |425 | 21 [215] 18 | 174 | 16 124 36
50+250 416 | 465 | 222 243 | 181 | 156 | 8 12.2 4.2
50+500 324 | 394 [193[ 201 183 | 15 | 18 14.1 3.9
50+750 35 | 413|221 [ 192 | 185 | 167 | 15 136 1.4
51+000 353 | 434 | 217 | 217 | 179 | 173 | 11 126 16
51+250 314 | 382 [197 [ 185 | 182 | 164 | 15 13.9 1.1
51+500 366 | 43 | 213|217 176 | 165 | 15 12.7 23
514750 349 | 449 | 244|205 172 [ 171 ]| 13 136 06
52+000 296 | 35 |238| 112 | 183 | 157 | 15 16.8 1.8
52+250 354 | 442 [ 251104 17 [ 182 10 13.3 33
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Actual | Predicted
CH. F;f/:’)o (';/';) (F,,'/:') (50') (gm?c) ?!‘/’o'f CBR | CBR | Difference
(%) (%)

52+500 335 | 402 | 214 | 188 [ 178 | 169 | 16 13.5 25
52+750 381 | 417 | 219 | 198 | 169 | 173 | 12 12.3 03
67+000-67+500 | 537 | 629 | 30.9 | 32 | 176 | 17.8 | 83 08 15
76+000 573 | 67.2 | 296 | 376 | 182 | 157 | 9 9.1 0.1
91+500-92+000 | 78 | 56.8 | 30 | 268 | 179 | 17 | 66 6.4 0.2
96+000-96+500 | 89.8 | 60.8 | 379 | 229 | 177 | 166 | 9 7.0 20

AVERAGE 126 | 127 0.0

In order to further verify the suitability of the developed correlation, a comparison graph of Actual CBR values

is plotted against the Predicted CBR values as shown in Figure 8.
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The line of best fit is the point where
Actual CBR equals Predicted CBR and the graph
shows that most of the values scatter near the
line of best fit. Whereas relatively fewer values
deviated far away from the line of best fit.

CONCLUSION

The research subject was conducted
on samples recovered at random along the East-
West Road, Section Il (Port Harcourt to Kaiama)
to find a correlation between CBR value and soil
index properties within the scope of the study.
Forty-Six (46) test results were used to run single
and multiple linear regression  analysis,
relationships were established and equations that

Actuall(?BR (%)
Figure 8: Graph of Actual CBR against Predicted CBR

15 20

predict CBR value in terms of index properties of
the results.

The satisfactoriness of the developed
models was evaluated and arrived at the
following conclusions;

1. The results of the Single Linear
Regression Analysis indicate that the
correlation between CBR and P200
which produced Model-I yielded the
best correlation coefficient and gave
the closest prediction. The relationship
can be expressed in the model below;
CBR =19.438 — 0.173(P200)

With resultant R = 0.61 and R2 = 0.37

n=46.
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2. To get an improved correlation, the
Multiple Linear Regression Analysis
yielded 5 models and from the
correlation  coefficient and  other
parameters, the correlation between
CBR with P200, LL, PL, PI, MDD and
OMC (which produced Model-V)
indicated the highest correlation
coefficient and gave the closest
prediction. The relationship can be
expressed in the model below;

CBR = 23.325-0.183(P200)-
0.153(LL)+0.412(PL)+1.562(MDD)-
0.539(0OMC)

WithR=0.72and R2=0.52 n=46

3. From the above, it is safe to conclude
that the combination of soil index
properties (P200, LL, PL, PI, MDD and
OMC) correlates better with CBR
(strength parameter) than individual
soil properties. Therefore, Model-V is
the recommended model within the
scope of the study.

4. To confirm the accuracy of the strength
parameter (CBR) of soil used in the
design of roads by Consultants within
the East-West Road Section Il (Port
Harcourt to Kaiama), the above Model-
V might be used.

RECOMMENDATIONS

The following recommendations are
made based on the exposure encountered during
the period of study;

1. To predict and confirm CBR values
within the study area (East-West Road
Section Il — Port Harcourt to Kaima),
the use of Model-V is recommended.

2. It is recommended that the same test
be carried out with larger sample size,
as this particular study is limited to 46
sample sizes because of the cost. The
more the sample size, the better the
accuracy of prediction.

3. It is also recommended that further
localized studies like this be conducted
in other parts of the Niger Delta Region
where the Ministry has interests.
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