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Abstract Unconfined compressive strength (UCS) is
very significant parameters to evaluate the strength
property of soil. In laboratory, it requires machinery and
effort to determine UCS. Therefore, to predict UCS of
organic soil stabilized by Palm Oil Fuel Ash-Ordinary
Portland Cement (POFA-OPC) at less time and less cost
for additive selection percentage the prediction model can
simplify the selection of additives percentage by reducing
the random selection of additives percentage and its
disadvantageous results. As a result of that, the use of the
prediction model eliminates the arbitrary selection of
design mixes and its associated disadvantages. This paper
is a continuous to previous publication by authors on the
application of Scheffe’s theory to predict resilient modulus
however, this paper focused on the implementation of
Scheffe’s regression theory to develop mathematical model
to predict UCS based on proposed mix proportions. The
mixes were developed analytically from previous adopted
rations of additives. The materials were characterized and
investigated for the primary properties then the samples of
POFA —OPC additives were prepared for the size of 70mm
diameter and 140 height. 25 samples were designed and
characterized for each mix proportion based on the UCS in
28 days curing. The Results of observed values from
laboratory analysis are used to develop the mathematical
model. In addition to that, the model was statistically
scrutinized and confirmed for the adequacy and validity
using f-test. The results showed that, the model is verified
and adequate to predict UCS for any random POFA-OPC
additives percentage.

Keywords Palm Oil Fuel Ash, Unconfined
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1. Introduction

Mathematical prediction models are very crucial in the
area of civil engineering especially in laboratory works
because they help minimize time and cost to find the
properties of mixes and determine the optimum amount of
additives. In the area of soil modification with
by-products, it is necessary to decide the percentage of
additives that could provide better soil properties. [1].
Unconfined Compressive strength (UCS) is significant
parameter to judge the strength and resistance of soil to
lateral and vertical loads. In order to obtain the UCS for
any hybrid it requires enormous effort and machinery.
Several prediction and optimization mathematical
polynomials have emerged in the applications of concrete
and soil stabilizations to do away with these issues. Of
these polynomial regression models, Scheffe [2] has
developed a polynomial equation to be used for
optimization to find the optimum content of any factor or
materials in additives for experiments with different mixes
based on regression theory.

Scheff’s [2] equation has been implemented in the
prediction of UCS for concrete but not in soil property
modification. According to study by Mbadike and Osadeb
[3], the equation was used to determine the optimum value
of UCS in concrete. In addition to that Onwuka et al. [4],
has used Scheffe’s theory to predict the mix ratios for most
economical and durable concrete. In another study by
Okere et al. [5], it was implemented to determine the
optimum concrete cost. Gamil & Bakar [6] have
implemented Scheffe’s theory to predict Resilient
Modulus for mixes used in road construction.

Palm oil industry is one of the mainstay incomes to the
progression of Malaysian economy. It has grown
remarkably over the past 10 years. However, there are
many adverse triggered as a results of the industry
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expansion. One of these results is the huge amount of
waste generated from palm oil mills. Palm Oil Fuel Ash
(POFA) is considered one of the major effluents which are
normally discharged to particular landfills. POFA has
been to show significant chemicals and is a major
pollutant to soil.

In Term of statistics, palm oil accounts for 20% and
46% of the global oil and fats production trade
respectively [7]. Malaysia is considered as the second
largest producer and trading exporter of palm oil with
approximate amount of 50% of the world share production
and 61% of exports [8]. The expansion of oil palm
plantings in Malaysia during the past 41 years has been
phenomenal and remarkable [7]. From a mere 55000
hectares in 1960, the oil palm planted area had expanded
to 3.5 million hectares by 2001, occupying 60% of the
agricultural land in the country. The rapid expansion in oil
palm cultivation resulted in a corresponding increase in
palm oil production from less than 100,000 tons in 1960
to 11.8 million tons in 2001. In 2005, the total area of
palm cultivation was 4 million hectares [7]. According to
the European report of palm oil statistics [9], the oil palm
plantation area in Malaysia reached 5 million hectares an
increase of 3.0% from 4.85 million hectares in 2011.

In spite of all the advantages of palm oil, there are
many disadvantages resulted from palm oil industries
which include the huge amount of waste generated from
the process of oil production. The waste generated from
oil production can have several forms and types based on
the level of temperature implied and POFA is an ash
generated in the mill in the form of dust or ash. This waste
can be used as stabilization additives and fills for soil
[10].

In many studies POFA is considered as by-product
materials generated from palm oil mills and may have
negative impact to the environment if disposed in landfills
[11]. The process of its production is initially from the
burning of oil shells in the boiler of factories [12]. It is
approximated that, 5% of the waste is considered for
POFA [13]. It was stated that, in every 100 tons of fresh
oil fruit, approximately 7 tons of fiber are produced and
20 tons of nut shells are generated. In Malaysia 60 million

of tons the total solid wastes were generated annually [14].

This large quantity creates huge problem of disposal [15].
In many countries POFA is dumped into landfills without
any profitable returns [16]. The environment has been
affected due to the expansion of landfills to accommodate
the tremendous amount of POFA disposal [17]. Therefore,
it attracted researchers to study its properties and positive

returns toward using in concrete and soil stabilizations to
replace raw materials such as OPC and fillers [18].

POFA has been used in many applications in
construction and soil stabilization. It was proven that,
POFA exhibit as Pozzolanic materials in which it can be
used as binder or filler in concrete [13, 19, 20].Likewise,
POFA contains high percentage of silica oxide which can
react with calcium hydroxide (Ca(OH),) generated from
the hydration process; and the pozzolanic reactions
produce more calcium silicate hydrate (C-S-H) gel
compound as well as reducing the amount of calcium
hydroxide [21, 22]. It was demonstrated by Phani Kumar et
al. [23], POFA can reduce plasticity of expansive soil and
the free swelling index has been reduced by the addition of
POFA. In addition to that, POFA was used to stabilize sot
soil such as clayey soil and reduced the plasticity index of
clay, decreased the moisture content, increased the dry
density of clay and also increased the UCS [24].

Organic soil is a type of soil that contains organic
matters and mostly exists in nature due to the
decomposition of plants and animals overtime
[25].Farnham et al.[26], described organic soil as fibrous
or amorphous according. It is an acidic and usually has pH
value less than 5 in addition to that, it possesses low bulk
density, low bearing capacity of strength and higher water
contents [27]. It is also prescribed as expansive soil [28].
Organic soils accommodate large areas around the world
and replacing it with other type of soil can cost higher and
yield to negative impact to the environment. Therefore, it
requires more treatments to modify its initial properties to
be used as construction materials. This study is focused on
the stabilization of organic planation soil stabilized with
POFA and OPC. In addition to that, the mathematical
prediction model will be used to predict the UCS and the
percentage of additives required to achieve certain strength
of stabilized soil. The developed mix is aimed to be used in
road construction.

2. Study Methodology

The method adopted in this study is divided into three
phases. At the outset, developing mix design of the
materials then carrying out experimental work to
determine the basic properties of additives. The third
phase is developing the mathematical model analytically.
Figure 1 shows the sequential research methods adopted
to conduct this study.
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Figure 1.

Materials used in this study are collected from different
sites in Malaysia. POFA was collected from Kluang in the
state of Johor. Laterite gravel was collected from Bukit
Nanning quarry in Muar. The organic soil was collected
from Ulu Tiram, Johor Bahru where the site is nearby
newly constructed road in the form of disturbed samples’
in this study has been treated by heating it for an hour
under 500°C to remove the access carbon which may
results negatively in the reactivity analysis.

The experimental work was carried out in accordance to
standards and term of references. The samples were
prepared in the laboratory and cured for 28 days and
examined for UCS. The standard procedures are based on
ASTM D2166 / D2166M - 13 Standard Test Method for
Unconfined Compressive Strength [29]. The sample size
is 70mm diameter and height of 140mm. The total number
of sample was 25 in which prepared using similar
compaction energy.

3. Experimental and Analytical Design

Experimental design is used to develop hybrid of
different parameters. In this study, the main materials are
POFA, organic soil, laterite gravel and water. The
percentages of each material are described in this section.
However, analytical design is used to imply Scheffe's
techniques to develop the proportions of experimental
mixes.

Prior to that, to embrace the utilization of Scheffe's
techniques in enhancement display. A simplex grid is
produced to be as basic portrayal of lines joining the

Methodological Study Process

particles of blend which is compelled with the hypothetical
findings which implies the qualities must be inside the
variable space for a trial and outside the component space
for confirmations of the created indication. Consequently,
the particles are constituent segments of the blend. The
constituent components of this model are POFA, Soil,
Laterite rock and OPC. In any case, it gives a simplex of a
blend of four segments. However, the simplex cross section
of these four parts blend is three-dimensional strong
equilateral tetrahedron. In a condition of Scheffe’s method
[2], the components are subjected to the constraint that the
sum of all the components must be equal to “one” which
means:

Xt X+ Xz XXy (D)

Yix =1 (2)
Where:

“q” is the number of components of mixture

“Xi” is the proportion of the i™ components in the
mixture which elaborates the weights in this context.

It is important to do a change from real to pseudo
segments real blend to build up the model since the total
of the blend part should be one. Hence, the actual
components represent the proportion of the ingredients
based in the theoretical constraints while the pseudo
components represent the proportion of the components of
the i" components in the mixture i.e. X;, X,, X3, Xy. In
any case, it must consider the four-part blend tetrahedron
simplex cross section, let the vertices of this tetrahedron
(foremost arranges) be depicted by Ay, A,, Az, Ay.

The resulting random mixes are developed based on
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previous practicing manual and literatures which are
arranged for the vertices of the tetrahedron in Fig. 2. The
developed mixes are a 4*4 matrix which can be developed
to experimentally design the mixes.

A, :( POFA: Soil: Laterite Gravel: Cement); {A; :( 0.04:
1: 0.1: 0.04)}, {A,:(0.024: 1: 0.15: 0.036)}, {A;:( 0.012:
1:0.2: 0.028)}, {A4:(0.004: 1: 0.3: 0.016)}

Figure 2 shows a vertices that represents the actual
proportions of mix design which was developed based on
previous literatures but if the mix is summed up the
results will be more than 1 which doesn’t satisfy Scheffe’s
condition therefore to make a pseudo representation figure
3 is developed to represent the actual mixes in which the
summation is equals one then Scheffe’s theory condition
is fulfilled.

To precede the analytical procedure let X denotes the
pseudo components and Z denotes actual components then,

for the processes of converting pseudo to actual use the
following equations by Scheffe’s:

[Z] = [AX] 3)

Where, A is a matrix whose components are of arbitrary
mix proportions. Then to find “A” Z and X must be
known then “A” is the inverse of the matrix.

“X” is selected from the pseudo representations in
Figure 3, “Z” represent the matrix in Figure 2.

Then, by expanding equations (3) the actual
components of Z will be determined respectively. Table 1
shows the corresponding values of pseudo and actual.
Where Y; represents the developed matrices from the
pseudo and actual lattices however C; represents the
Control Points Calculated within the factor space and C;;
represents Control points calculated outside the factor
space.

A1(0.04,1,0.1,0.4)

A1(0.004,1,0.3,0.06)

A3(0.12,1,0.2,0.028)

2(0.024,1,0.15,0.036)

Figure 2. Vertices of Lattice (Represent Actual)
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Figure 3. Vertices of Simplex Lattice (Represent Pseudo)
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Table 1. Pseudo Component with Corresponding Actual Component Values Where: Actual (Z;) and Pseudo (X;) components
No of mix X, X, X3 Xy Response 7 7> 73 n
1 1 0 0 0 Y, 0.04 1 0.1 0.04
2 0 1 0 0 Y, 0.024 1 0.15 0.036
3 0 0 1 0 Y; 0.012 1 0.2 0.028
4 0 0 0 1 Y, 0.004 1 0.3 0.016
5 0.5 0.5 0 0 Y 0.032 1 0.125 0.038
6 0.5 0 0.5 0 Y3 0.026 1 0.15 0.034
7 0.5 0 0.5 Y4 0.022 1 0.2 0.028
8 0.5 0.5 0 Y3 0.018 1 0.175 0.032
9 0.5 0 0.5 You 0.014 1 0.225 0.026
10 0 0.5 0.5 Yy 0.008 1 0.25 0.022
Control Points Calculated within the factor space
11 0.5 0.25 0.25 0 C 0.029 1 0.1375 0.036
12 0.25 0.25 0.25 0.25 C, 0.02 1 0.1875 0.03
13 0 0.25 0.25 0.5 Cs 0.011 1 0.2375 0.024
14 0 0.25 0 0.75 Cy 0.009 1 0.2625 0.021
15 0.75 0 0.25 0 Cs 0.033 1 0.125 0.037
16 0 0.5 0.25 0.25 Cs 0.016 1 0.2 0.029
17 0.25 0 0.5 0.25 C; 0.017 1 0.2 0.028
18 0.75 0.25 0 0 Cs 0.036 1 0.1125 0.039
19 0 0.75 0.25 0 Cy 0.021 1 0.1625 0.034
20 0 0.4 0.4 0.2 Cio 0.0152 1 0.2 0.03
Control points Calculated outside the factor space
21 0.5 0.5 0.5 0.5 Ci 0.016 1 0.2 0.027
22 0.25 0 0.25 0.5 Ci 0.015 1 0.225 0.025
23 0.5 0 0.5 0 Cis 0.026 1 0.15 0.034
24 0.25 0.25 0.25 0 Cl4 0.019 0.75 0.1125 0.026
25 0 0.5 0.5 0.25 Cl15 0.019 1.25 0.25 0.036

4. Results and Analysis

This section introduces the results of developing
prediction model to predict UCS of the hybrid.
4.1. Materials Characterization

In order to determine the effect of POFA which is used
in this study on the soil reactivity, the chemical
compositions are determined in figure 4.

35 M Untreated POFA
30

25 A B Treated POFA
20

15 oPC
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Figure 4. Chemical Compositions for Treated, Untreated POFA and
OPC

Figure 4 illustrates the chemical composition of POFA

in both forms treated and untreated. It is shown that POFA
exhibit high percentage of Cao and SiO, which is
considered pozzolan materials and possess high potential
to be partial cement replacement. The large amount of
silica contributes to the cementation process when mixing
with binder such as cement. It shows the possibility of
modifying the property of POFA by removing the
excessive amount of carbons and unwanted constituents.
By referring to ASTM C-618 standard[31], it shows the
used POFA is classified as class C because the amount of
SiO, content is between 50%-70% hence it is also
described in the relevant standard that Class C most useful
in “performance” mixes, pre-stressed applications, and
other situations where higher early strengths are important.
Moreover, it is useful in soil stabilization.

4.2. Effect of POFA to Soil Density

Series of density tests were conducted to determine the
initial percentage of POFA content in the proposed mix.

Figure 5 shows the dry density versus POFA content it is
shown that with the increment of POFA the dry density
tends to increase from 10 % of POFA added to the soil. The
density of the mix reached its peak in between 12.5% to
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15% however it started to drop if the percentage more than
15%. The increment of POFA after the density reached its
optimum causes drop of density because the mass
decreased and the bulk density decreased too.

20
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Dry density Kn/m3
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4.4. Summary of Soil Properties

Table 3. Summary of Property Indexes for Natural Soil

Properties Results
Atterberg limit LL =30.21%., P1=23.15%, P1=7.06%
Aperture size (mm) | Percentage finer (%)
Grain size distribution =9-30 100
4.75 85.73
0.075 23
Particle Density 2.648
pH 6.8 pH
Average moisture content 16%
OMC 9.47%
Maximum dry density 18.55 KN/m®

Figure 5. POFA Content vs. Dry density

4.3. Sieve Analysis for the Soil

In this part both wet and dry sieving were carried out to
determine the gradation of soil in order to check its average
particle size.

Table 2. Wet sieving Results

Opening size (mm) Mass retained (g)

0.425 329.9
0.075 213.6
Lost in washing over 0.075mm 156.5

However, using particle less than 0.075 to conduct the
hydrometer test based on the sedimentation process with
the reference of ASTM (C136-96a) Standard Test Method
for Particle-Size Analysis of Soils. The results are shown in
figure 6 which was basically calculated based on sieve 200
passing which is taken from sieve analysis data.

percent paasing(?)
=9
o

0.001 0.01 0.1 1 10

Particle diameter (mm)

Figure 6. Combined Sieve Analysis and Hydrometer Analysis Curves
for Soil

Table 3 presents the primary properties indexes for the
soil, it is shown that the soil pH scale is nearly to be neutral
but less than 7 in the scale of acid hence it is not considered
acidic. Based on the past technical report developed by US
army [32], it is shown that for the soil to be reactive pH
scale has to be about 12.4 however to increase the pH of
natural soil then lime or cement has to be added to make the
soil react with the additives in order to be microstructural
reacting to improve its property in term of strength and
stiffness. The soil contains organics because it was
collected from plantation area of palm oil. In term of
Atterberg limit, the soil has small plasticity index which
refers lower water absorbent capacity, and thus the quantity
and quality of clay minerals can be characterized indirectly
and the soil is considered less cohesive. The average
moisture content was recorded after the soil was excavated
from the site and the OMC with dry density were
conducted in the laboratory.

4.5. Development of Mathematical Model

Scheffe (1985) has developed polynomial equation to be
used for laboratory optimization models. In this study, it is
used to develop prediction model for UCS. The following
is the polynomial equation developed by Scheffe (1985):

Q14Z1Z4 + Q32373 + Ap4Z3Zy + (347374 4)

In which: a; and a;; are coefficients and Z; are the
pseudo components of blend. The Y function is the
response function at any point of observation, Z; is the
predictor and o; is the coefficient of the prediction model
equations.

Equation 4 is a polynomial formulation derived by
Scheffe. In this finding, it is used to derive its coefficient
based on analytical and experimental works. It is then
finally be implied to predict UCS for the mix proportions
thus it saves time and efforts of engineers to determine the
amount and percentage of additives added to organic soil
to results in better physical and chemical properties.
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4.6. Determination of Prediction Model Coefficients

To determine the standard coefficient of the model in
equation 4, the responses has to be observed for the first
ten mixes where Y™ correspond to Zi™ equation 4 can be
written in the following form:

YO =Y a7 + Layz” 7 )

Where 1 <I<j<4andn=1,2,3,....... ,10.
Equation (5) can be altered in the form of matrix

[Y®] = [z ]{a} (6)

By restructuring equation (6) then results the following
equation:

(a) = [Z(n)]‘l[y(n)] (8)

Then, allowing the actual mixes in table 1 be
represented by Zi™ and the corresponding fractional
portions, Zif™ are presented in Table 4.

Table 4 demonstrates the actual mixes which were
developed based on Scheffe simplex lattice and the
corresponding fractional values which is used to continue
the mathematical calculations to determine the
coefficients in the mathematical prediction model these
values of the fractional portions Z™ were used to develop
Z™ matrix and the inverse of Z™ matrix. The values of
Y™ matrix are determined from laboratory tests from
resilient modulus and unconfined compressive strength.
With the values of the matrices Y™ and Z™ known, it is
easy to determine the values of the constant coefficients of
equation (5).

Table 4. Actual Mix Proportions and Their Corresponding Fractional values

Mix No 7, 7> 73 n Total of S; Response Zis Zos Zss o
1 0.04 1 0.1 0.04 1.18 Y, 3.390 84.746 8.475 3.390
2 0.024 1 0.15 0.036 1.21 Y> 1.983 82.645 12.397 2.975
3 0.012 1 0.2 0.028 1.24 Y; 0.968 80.645 16.129 2.258
4 0.004 1 0.3 0.016 1.32 Y, 0.303 75.758 22.727 1.212
5 0.032 1 0.125 0.038 1.195 Y, 2.678 83.682 10.460 3.180
6 0.026 1 0.15 0.034 1.21 Y3 2.149 82.645 12.397 2.810
7 0.022 1 0.2 0.028 1.250 Yis 1.760 80.00 16.00 2.240
8 0.018 1 0.175 0.032 1.225 Y3 1.469 81.633 14.286 2.612
9 0.014 1 0.225 0.026 1.265 Yo 1.107 79.051 17.787 2.055
10 0.008 1 0.25 0.022 1.280 Y4 0.625 78.125 19.531 1.719
11 0.029 1 0.1373 0.036 1.202 C, 2413 83.195 11.423 2.995
12 0.02 1 0.1875 0.03 1.238 C, 1.616 80.775 15.145 2.423
13 0.011 1 0.2375 0.024 1.273 G 0.864 78.555 18.657 1.885
14 0.009 1 0.2625 0.021 1.293 Cy 0.696 77.340 20.302 1.624
15 0.033 1 0.125 0.037 1.195 Cs 2.762 83.682 10.460 3.096
16 0.016 1 0.2 0.029 1.245 Cs 1.285 80.321 16.064 2.329
17 0.017 1 0.2 0.028 1.245 C, 1.364 80.257 16.051 2.247
18 0.036 1 0.1125 0.039 1.188 Cs 3.030 84.175 9.470 3.283
19 0.021 1 0.1625 0.034 1.218 Coy 1.724 82.102 13.342 2.791
20 0.0152 1 0.2 0.0288 1.244 Cio 1.222 80.386 16.077 2.315
21 0.016 1 0.2 0.027 1.24 Cn 1.20 80.41 16.10 2.28
22 0.015 1 0.225 0.025 1.265 Cn 1.186 79.051 17.787 1.976
23 0.026 1 0.15 0.034 1.210 Cis 2.149 82.645 12.397 2.810
24 0.019 0.75 0.1125 0.026 0.908 Cus 2.093 82.599 12.390 2.863
25 0.019 1.25 0.25 0.036 1.555 Cis 1.222 80.386 16.077 2.315
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Table 5. The determination of Z * matrix values based on table 2

61

No Z, Z, Zy Zy 7,Z> Z.Z3 Z\Z4 7,75 7,74 77 ucs lic;)s:onse
1 34 84.70 8.50 3.40 288.0 28.9 11.60 720.0 288.0 28.90 1394.3
2 2.0 82.60 12.40 3.00 165.2 24.8 6.00 1024.2 247.8 37.20 1373
3 1.0 80.60 16.10 2.30 80.60 16.1 2.30 1297.7 185.4 37.00 1361.1
4 0.3 75.80 22.70 1.20 22.70 6.8 0.40 1720.7 91.0 27.20 1338.6
5 2.7 83.70 10.50 3.20 226.0 28.4 8.60 878.9 267.8 33.60 1371.8
6 2.1 82.60 12.40 2.80 173.5 26.0 5.90 1024.2 231.3 34.70 1381.2
7 1.8 80.00 16.00 2.20 144.0 28.8 4.00 1280.0 176.0 35.20 1363.7
8 1.5 81.60 14.30 2.60 122.4 21.5 3.90 1166.9 2122 37.20 1331.8
9 1.1 79.10 17.80 2.10 87.00 19.6 2.30 1408.0 166.1 37.40 1328.7
10 0.6 78.10 19.50 1.70 46.90 11.7 1.00 1523.0 132.8 33.20 1321.7
11 2.4 83.20 11.40 3.00 199.7 27.4 7.20 948.5 249.6 34.20 1316.4
12 1.7 80.80 15.10 2.40 137.4 25.7 4.08 1220.1 193.9 36.24 1322.6
13 0.86 78.56 18.66 1.89 67.56 16.1 1.63 1465.9 148.5 35.27 1312.9
14 0.8 77.30 20.30 1.60 61.84 16.2 1.28 1569.2 123. 32.48 13432
15 2.8 83.70 10.50 3.10 234.4 29.4 8.68 878.85 259.5 32.55 1335.7
16 1.3 80.30 16.10 2.30 104.4 20.9 2.99 1292.8 184.7 37.03 1354.7
17 1.4 80.30 16.10 2.20 112.4 22.5 3.08 1292.8 176.7 3542 1361.2
18 3.0 84.20 9.50 3.30 252.6 28.5 9.90 799.90 2779 31.35 1326.1
19 1.7 82.10 13.30 2.80 139.6 22.6 4.76 1091.9 2299 37.24 1312.6
20 1.2 80.40 16.10 2.30 96.48 19.3 2.76 1294 .4 184.9 37.03 1361.2
21 1.2 80.41 16.10 2.28 96.49 19.3 2.74 1294.6 183.3 36.71 1302.3
22 1.2 79.10 17.80 2.00 94.92 21.36 2.40 1407.98 158.20 35.60 1309.4
23 2.1 82.60 12.40 2.80 173.5 26.0 5.88 1024.2 231.3 34.72 1318.7
24 2.10 82.60 12.40 2.90 173.46 26.04 6.09 1024.24 239.54 35.96 1313.9
25 1.20 80.40 16.10 2.30 96.48 19.32 2.76 1294.44 184.92 37.03 1330.2
Table 6. The Determination of First 10 Mixes [Z """ Matrix Inverse Values Based On table 5
Z] Zz Z3 Z4 Z]Zz Z]Z3 Z]Z4 ZzZ3 ZzZ4 Z3Z4
95.90 100.80 283.60 79.90 -196.20 -39.30 87.70 -136.70 -18.40 -257.30
1.20 0.30 -5.80 -0.60 -2.30 -2.30 0.10 8.10 -1.50 2.90
11.80 0.90 -46.10 -0.90 -24.90 -12.30 -2.60 66.30 -3.80 11.70
-141.40 96.10 266.50 -40.70 172.90 339.70 -62.10 -786.00 103.90 51.30
-1.30 -1.30 -1.60 -0.70 2.60 1.40 -1.10 -0.70 0.80 2.00
-0.20 -0.30 -4.80 -0.90 0.60 -1.50 -0.20 5.10 -1.10 3.30
5.80 1.70 -33.20 -4.60 -7.80 -21.00 3.00 48.50 -11.80 19.50
-0.20 0.00 0.90 0.00 0.40 0.30 0.00 -1.20 0.10 -0.30
1.30 -1.00 -1.50 0.60 -1.40 -3.10 0.60 6.60 -0.80 -1.30
2.00 -0.90 -6.30 -0.30 -2.90 -4.20 0.30 11.90 -1.20 1.60
The UCS responses concedes for each blend proportion -1394.31
henceforth to create expectation as shown for 10 blends 1373
which satisfy the condition in equation (4) The UCS 1361.1
responses are: 1338.6
[Y(")] _|13718
1381.2
1363.7
1331.8
1328.7
11321.7

The coefficient values of the model are:
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114563.787
—293.268
—23259
23691.51
—74.4441
—259.835
—1965.22
43.98132
—179.677
L —423.45 -

By substituting the values of a into equation 4 then the
prediction model at the response of UCS is:

Y =

14563.782,—293.2682,—2325.92; + 23691.51z, —
74.4441z,z, — 259.835z,z3 — 1965.222,z, +
43.98132z2,25 — 179.6772,2, — 423.4524 (8)

4.7. Statistical Verification for Model Adequacy

To verify whether the mathematical model in equation
8 is adequate to be used to predict UCS, it is necessary to
run statistical test and compare the results from the
prediction model with experimental results. F-test is
common method to verify the adequacy of the model. The
following hypotheses are prescribed as follows:

Hj denotes the statistical Null Hypothesis.

H, represents the alternative Hypothesis.

The hypothetical condition is that H, there are no
significance differences between the observed data and
the data calculated from mathematical model however H;

signifies that there is statistical difference between the
experimental data and data calculated from mathematical
model.

To pursue that, the samples are yet called Y (gpserveq) from
experimental data and Y (yedicry from mathematical model.
Variance is calculated by the following equation:

1
v? = [2] [N - 3)?] ©

y=% (10)

In which, n is the number of responses of the analysis.
According to table 7 the variances are calculated as
follows:

367.925
Vprea = o 26.28
363.67
v, = 2598
The fisher test is given by:
2
F= Z—% (11)
F =221,
25.98

Referring to the F-distribution tables F(¢s5(14,14) =2.48
which is higher than 1.01 therefore the null hypothesis (Ho)
is not rejected and the mathematical model is considered
adequate and verified to predict UCS for mix contains
POFA-OPC additives.

Table 7. F-Test Analysis Prediction Model

Sample No Y(l':i;‘;;““ Y(ll’{f;)":;w Y((vll;)l)'z’;vb) Y(pr(c;)r;z’;prcd) (Y(Ohg(i’ya()m) ) (Y, (prztli()l;i()prc) y
C 1316.40 1374.85 -11.67 12.32 136.19 151.81
C, 1322.60 1359.14 -5.47 -3.39 29.92 11.48
Cs 1312.90 1329.17 -15.17 -33.36 230.13 1112.82
Cy 1343.20 1372.12 15.13 9.59 228.92 92.05
Cs 1335.70 1358.75 7.63 -3.78 58.22 14.27
Cs 1354.70 1336.87 26.63 -25.66 709.16 658.64
C; 1361.20 1355.66 33.13 -6.87 1097.60 47.18
Cs 1326.10 1399.07 -1.97 36.54 3.88 1334.95
Cy 1312.60 1414.52 -15.47 51.99 239.32 2702.68
Cio 1361.20 1339.83 33.13 -22.70 1097.60 515.20
Cu 1302.30 1337.60 -25.77 -24.93 664.09 621.69
Ciy 1309.40 1353.27 -18.67 -9.26 348.57 85.66
Ci3 1318.70 1409.97 -9.37 47.44 87.80 2250.79
Ci4 1313.90 1357.22 -14.17 -5.31 200.79 28.19
Cis 1330.20 1339.83 2.13 -22.70 4.54 515.20

Total 19921.10 20437.88 5136.71 10142.60
Mean 1328.07 1362.53
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5. Conclusions

This study has developed mathematical model to
predict UCS for mixes containing organic soil stabilized
by POFA POFA-OPC additives. The model was verified
statistically and has shown adequate to be used for further
investigation. This model was aimed to save time and cost
in optimizing the contents of additives and can avoid
arbitrary selection of percentages. Yet, it is suggested that
this technique can be used in many materials optimization
applications.
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