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Abstract

The research was conducted to find a correlationteen liquid limit and fine
content. These soil properties are used in thessification of soils into various
groups which depicts their properties that servesguide for preliminary analysis in
design and construction works. The soils samplesrev@btained from several
localities atlsoko South Local Government Area DElta State. The geotechnical test
for the liquid and fine contentwere carried in acoance with BritishStandards.The
trend of data collected for the modeling exercisveals that the variations of liquid
limit with fine content can be represented by ambnear model.A polynomial
regression was used to establish a correlationbemvehe soil parameters. The
suitability of the developed correlation was evaled by performing validation of the
developed model using the coefficient of determioatand F- test ratio. The model
developed was found to be significant at 95% coafide level. Hence for preliminary
design and construction purposes the developed rhodeelation can be used predict
liquid limit value with good accuracy.

1.0 Introduction

A soil classification is a methodical method of gatézing soils into differnt groups and subgroupsading to their likely
engineering behavior but without comprehensive rigtson. Most of the past classification systemsengased on grain size
distribution (e.g. MIT classification, USDA classé#t®on). However, with the creation of Atterberg ilisn new classification
systems have been introduced. There are variolisclsaisification systems such as Unified Soil Classifhin System
(USCS), the American Association of State highwad dransportation Officials (AASHTO) system, Fedetaiation
Agency (FAA) system, the pedologic soil classifioatisystem, US Public Roads Administration (PRA)teysand the
textural classification system. The USCS and the ARS system are widely used in geo-technical engingepractice.
Casagrande [1] initiallycreated the USCS, which Vedsr modified by the US Bureau of Reclamation (BpBnd the US
Army Corps of Engineers. Many countries codesratfice adopt the USCS as itis [2], or with sligiodifications [3,4].
Both USCS and AASHTO system base their classifinabibsoils for engineering purposes on fine congerd liquid limit
of the soils. USCS [5] and AASHTO [6] define finas soil particles passing through sieve No. 200¢¥®pening). The
fines consist of clay and silt. Also the liquid Itrof a soil is the moisture content, expressed aercentage of the mass of
the oven-dried soil, at the boundary between tipeidi and plastic states[7]. The fines content aquaid limit of a soil are
useful for the understanding of various soil medatenand physical properties such as shear stretgtring capacity,
compressibility and shrinkage-swelling potentia]8Determination of these soil properties is difftctimeconsuming and
usually requires several replicates for reliablgsuls. However in order to save on costs of tastsiay be necessary to
perform only one of the two tests and estimate foox the other , if a model that relates the twoalze to each other is
available. Since the liquid limit is more difficutt obtain in terms of equipment and technicaliteeaodel that has the liquid
limit as the dependent variable and the fine cdnésnthe independent variable is desirable. Thesqt work, therefore
seeks to develop a regression models relatingdligmit and fine content.
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2.0  Materials and Methods

21 Sampling and Sampling Locations

Delta state is one of the states in Nigeria (Figyrdt has twenty-five local government areas (fég2). Soils samples were
collected at several communities from Isoko Southdl Government Area of Delta State (Figure 3)stirbed soil samples
were obtained at different depths using hand auger

2.2 Geotechnical Properties of the Soils

The particle size analysis and the liquid limittsesvere carried out in accordance with Britishn8&d [10]. A total of nine
soil samples were collected.
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Figure 3:Map of Isoko South Local Government Area ShowingsS Sample Points
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2.3 Polynomial Regression Modeling

The polynomial regression is a form of linear ragien in which the relationship between the indepahvariable x and the
dependent variable y is modeled as an nth degrigeguial. Polynomial regression fits a nonlineardebto the data and
has been used to describe nonlinear phenomenaasuitte growth rate of tissue[11], the distributadrcarbon isotopes in
lake sediments[12] and the progression of disepistemics[13].

The premise of polynomial regression is that a dateof n paired (x,y) members:i(¥1), (X2,¥2), (X3, Y3)..... (X%, Yn) can be
processed using a least-square methods to creageliative polynomial equation[14]. Thus,

y =a, +a,x+..+a x" 1)
The essence of the method is to reduce the redtlatibach data point given by
R =) [yi [, +ax +---+akik)]2 )
i=1
The partial derivatives are
2 n -
M:—Zz y—(a0+a1x+___+akxk):0 (3)
0q, =
2 n -
M:—Zz y—(a0+a1x+...+akx")x:O (4)
0 =
2 n
a(R ):—22 y—(ao+a1x+.__+akxk)xk =0 (5)
0a, i=1
These lead to the equations
BN+a Y X +.+a ) X =Dy (6)
i=1 i=1 i=1
8 X +a ) X+ 4y X=Xy, (7)
i=1 i=1 i=1 i=1
8 ) X +ay X+ +a ) X = XYy, (®)
i=1 i=1 i=1 i=1

Or, in matrix form

n n _x n
n Zi:lxi o Zi:lxi & Zi LY
n n o2 nok+l n
Zi=1Xi Zi=1xi Zi=lxi 31 = Zi=1xiyi 9
n k n k+1 n 2k n k
_Zi:lxi Zi:lxi Zi:lxi & Zi:lxi Y
This is a vandermonde matrix. We can also obtamithtrix for a least square fit
1 % - x||a Y
k
R L R (10)
1 X, - X5 |la& Y,
Pre-multiplying both sides by the transpose offits¢ matrix then gives
11 .1 1 x - xlk a, 1 1 -+ 1 Y,
o L B S B B R an)
X X X111 x, o x| [ad] [ X x|y,
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2% 22X |[a] | XLy
Z_m X XA =Z:1_>Wi (12)

S Y e Y|l [y

As before, given n point (xy;) and fitting with polynomial coefficientsoa...a(

Y1 1 X X12 Xlk ao_
2 k

y'z — 1 X.z X'z X.z ai (23)
el [20% x5 xp] [&
In matrix notation, the equation for a polynomiaig given by
y = Xa (14)
This can be solve by premultiplying by the transp#5
XTy=X"Xa (15)
This matrix equation can be solve numerically as

=(xTx)*xTy (16)

While the goodness of fit of the model is definedlee explained variation divided by the total atian

2_ L(4-7? 17
S(Y-T)2 (17)

3.0 Results and Discussions
The results for the liquid limit and fine contestaresented in Table 1
Table 1:Soil Test Result

SOIL PARAMETERS
S/IN | LOCATIONS Fine content (%) Liquid Limit (%)
1 Oleh 19.97 21.30
2 Umeh 30.07 26.20
3 Uzere 55.34 24.10
4 Aviara 9.34 22.10
5 Emede 23.84 24.80
6 Enweh 25.32 26.30
7 Igbide 50.57 28.00
8 Irri 23.09 23.20
9 Olomoro 44.68 20.80
The scatter plot of the liquid limit and passingtjgde for sieve No. 200 is shown in Figure 4.
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Figure 4:Scatter Plot of Liquid Limit and Fine Content
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The plot shows a nonlinear relationship betweendégmgendent and independent variables and a polahoegressionc was
used for modeling. A sixth degree polynomial igegi by

Y = ax®+apx®- axt +apdd - apx +aX +a (18)
Input the variables in equation (1)
M9 282E+02 107E+04 466E+05 219E +07 108E +09 548E +10] [a, | [ 217E+02]

282E +02 107E+04 466E+05 219E+07 108E +09 548E+10 283E+12| |a, | | 689E +03

107E+04 466E +05 219E+07 108E +09 548E+10 283E +12 148E+14 | |a, | | 264E +05

466E +05 219E +07 108E +09 548E +10 283E +12 148E+14 777E+15 | | a, |=| L15E+07

219E +07 108E +09 548E +10 283E +12 148E +14 777E+15 411E+17 | |a, | | 542E+08

108E +09 548E +10 283E+12 148E +14 777E+15 411E+17 219E+19 | |a | | 268E +10

54BE+10 283E+12 148E+14 777E+15 411E+17 219E+19 117E+21||q | | 136E+12

solving the equation fora & as a8, and g, will give
a=26.98; &4.10; a=-1.07; a=-0.08; a= -0.003; a=4.72E-05 andg= -2.81E-07
Hence the fitted model is

Y =-2.81E-07R + 4.72E-05% - 0.003X + 0.08% - 1.07X + 4.10x + 26.98 (19)
The graph of the plot of the sixth degree polyndmegression model is shown in Figure 5.
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Figure 5: Polynomial Model Plot

The plot shows that the model equation nearlytfiessobserved values of the liquid limit with mireviations. The degree
of correlation can be obtained using the coefficigidetermination (B.The results of the predicted values and thersrr
using the model is given in Table 2.

Table 2:Residual Analysis

S/IN Liquid Limit | Predicted | Residual = | (Residualj SS(Regression) | SS(Regression)

() Y Y-v; = ()= (Y-V)?

Y, -V Y, -V

1 21.30 21.10 0.20 0.04 -2.99 8.92 7.78
2 26.20 26.37 -0.17 0.03 2.28 5.21 4.46
3 24.10 24.10 0.00 0.00 0.00 0.00 0.00
4 22.10 22.10 0.00 0.00 -1.99 3.94 4.00
5 24.80 24.65 0.15 0.02 0.56 0.31 0.51
6 26.30 25.66 0.64 0.41 1.57 2.47 4.89
7 28.00 28.02 -0.02 0.00 3.93 15.43 15.30
8 23.20 24.03 -0.83 0.69 -0.06 0.00 0.79
9 20.80 20.77 0.03 0.00 -3.32 11.00 10.82
SUM | 216.8 1.19 47.30 48.49
The goodness of fit is
2 =222 = 0.975

48.49
This means that the model can account for abous%870f the total variation in the liquid limit lemg 2.5% unexplained.

This signifies a good model.The unexplained vasiativhich is the deviations of the observed valuesnfthe predicted
values can also be used in checking the adequabye ehodel using the F-ratio.
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Regression (degree of freedom) = 2
Residual (degree of freedom) = 6
Sum of square (regression) = 47.30

Sum of square (residual) = 1.19

Mean square(regression)%g'—o = 7.883

A%~ 00595

Mean square(residual) >

7.883

F-ratio =—— = 13.239
0.0595

The Fobserv'e§13.239) is greater than .. (5.14). Hence the model parameters are signifiaa@5% confidence interval. The
model is significant as the F value of 13.239 resater than the critical value of 5.14.

4.0 Conclusion

This present work seeks to develop a regressioretmodlating liquid limit and fine content. Thesals properties are used
in soil classificationsystem in use in geo-techh&agineering practice. They are also informatige the interpretation of
several soil mechanical and physical propertiesh [ag shear strength, bearing capacity, comprasgibihd shrinkage-
swelling potential. The trend of data collected tfee modeling exercise revealed that the variatmiiquid limit with fine
content can be represented by a non-linear modpblynomial regression was used to establish eetadion between the
soil parameters to save cost and time in perforrttiegexperimental procedure. The model was adjudlyde appropriate
based on the suitability of the coefficient of detmation and F-ratio test.
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