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Abstract

In this research study, Scheffe’s second degree polynomial based model was adapted for the optimization of the
mechanical properties of a five component concrete. Here, rice husk ash which is derived from solid waste and con-
tains high quantity of aluminosilicates which makes it a pozzolanic material is used as the fifth component in the con-
crete mixture. Applying Scheffe’s statistical simplex methodology, the mixture formulations; a total of ninety concrete
cubes of 150x 150 x 150 mm dimension were produced including the control points used for testing the adequacy
of the model. The concrete sample were cured for 28 days before crushing test is carried out to obtain its compres-
sive strength. The maximum compressive strength of 33.45 N/mm? was achieved with a corresponding mix ratio of
0.60:0.65:1.30:1.60:0.35 for fraction of water, cement, fine aggregate, coarse aggregate and rice husk ash respectively. The
Scheffe’s model equation developedis Y = 24X, + 27.35X, 4+ 33.45X; + 21X, + 16.95X;5 + 23.3X; X, + 1.1X; X5 + 21.4X; X,
+22.1X, X5 — 15.4X,X;5 + 3.3X,X, + 54X,X5 — 16.9X;X, — 23.8X5X5 — 3.9X,Xs. The formulated mathematical model was
validated and a suitable relationship was observed between the experimental and predicted values based on the out-
comes of student t test and analysis of variance. The model can predict the compressive strength of rice husk ash blended
cement concrete so as to inform early decision making when used as construction material.
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1 Introduction

Concrete which is one of the major construction mate-
rial has been plagued recently by high cost of the con-
ventional constituent materials namely; cement, fine and
coarse aggregate and water. This economic implications
has made several researchers to utilize and incorporate
supplementary cementious materials (SCM) in concrete.
The SCMs are majorly derived from solid wastes which
help in recycling and re-use of the waste [1]. In the quest
to achieve renewable and sustainable materials, biological
and agricultural wastes such as periwinkle shell ash, oys-
ter shell ash, wood ash, corncob ash have been utilized as

SCM in concrete infrastructures [2-5]. Incorporating these
materials in the construction of infrastructures reduces
cost of construction materials, alleviates environmental
issues during cement production and reduces amount of
solid discarded into the environment, thereby promoting
the concrete’s characteristic behaviour by enhancing sus-
tainability of fresh and hardened concrete [6-8].

The compressive strength of any material is its capac-
ity or structure to withstand, absorb or resist compression
force which is the force that squeezes material together.
The concrete’s compressive strength is determined by the
ability of the material to resist cracking and fissure failure.
The ultimate compressive strength of a material is equal
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to the value of uniaxial compression stress attained at
complete failure point and it depends on factors such as;
compressive strength of the constituents, water-cement
ratio, quality of materials, curing methods, air entrainment,
temperature effects and proportion of mixture constitu-
ents. The compressive strength is one of the major engi-
neering properties of concrete and has become a standard
for industrial practise that concrete is classified based on
the compressive strength (grades). It is important to note
that several materials used in the construction works frac-
ture at their compressive strength limit while some deform
irreversibly; therefore, the compression load limit may be
considered for a given amount of deformation. The use of
rice husk ash (RHA) which is derived from solid waste and
possesses high aluminosilicate content as a fifth compo-
nent and not for partial replacement in concrete work is
investigated in this research work. The idea in this research
work is to totally integrate the pozzolanic material in the
concrete mixture using statistical approach to obtain the
optimum mixture combination of the five component con-
crete namely; cement, water fine and coarse aggregate
and RHA. Using the statistical approach, Scheffe’s simplex
second order regression model is generated to optimize
the compressive strength property on the RHA concrete.
The utilization of pozzolanic material such as RHA using
statistical approach has been found to be a beneficial
technique in engineering practice. In a research work
carried out by Onuamah [9] laterite-RHA-water were uti-
lized for the production of a hollow sandcrete block using
Scheffe’s optimization approach. Hollow block sample of
450 mm x 225 mm x 150 mm dimension were produced
and tested for strength after 28 days hydration period.
The model generated was adequate when tested with
student’s t test. The maximum obtainable compressive
strength from the model results is 1.57 N/mm?Z. Also, Putra
Jaya et al. [10] studied the strength characteristics of RHA
under sodium sulphate attack. The durability performance
of the concrete with cement partially replaced from 10
to 40% from their findings, concrete with 10 to 20% of
replacements by RHA showed excellent durability perfor-
mance, the results also indicated that due to the effect of
the pozzolanic reaction of RHA, the amount of Ca(OH),
in the cement-RHA concrete was lower than that of Port-
land cement. Furthermore, Nwakonobi and Osadebe [11]
worked on the development of optimization model for
proportioning mixture of clay-rice husk ash—-cement mix-
ture for animal building. It was observed that the quality
of the clay soil as a building material can be improved but
depends on the proper proportioning of its ingredients.
The optimum value of compressive strength predicted by
the generated model is 18.204 N/mm? corresponding to
14.16, 8.04 and 77.80% of rice husk ash, cement and clay
respectively.
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This research study aims to utilize supplementary
cementitous materials to partially replace cement por-
tion in the concrete mixture to obtain a five component
concrete mixture of water, coarse and fine aggregates,
cement and rice husk ash. The main aim of this study is to
obtain the optimum mix proportion for five component
mixture of water, cement, rice husk ash, fine aggregate
and coarse aggregate that will give the maximum com-
pressive strength property of concrete. Generally, the
concrete structures’ compressive strength is impacted
by adequate proportioning of their components [12-17].
This research objective is the utilization of Scheffe's
simplex optimization approach in formulating mathe-
matical model that would relate concrete’s compressive
strength having rice husk ash as supplementary cemen-
titious materials (SCM). This study will add to existing
knowledge on optimization of concrete using SCM. The
expected benefit of this study will enhance good deci-
sion making on the batching and grade of concrete that
could be required for certain concrete structures.

1.1 Simplex-lattice design

Scheffe’s theory states that the factor space for mixture
experiment is a regular (g — 1) dimensional simplex and
for the mixture, the sum of the constituents of the mix-
ture must sum to unity. This is expressed mathematically
in Eq. (1);

X+ X+ +Xq =1, where0<X;<1fori=1,2,...,9

(1
The simplex-lattice is an ordered arrangement of line
joining the assumed experimental points of the mixture
ingredient proportion design. Due to the sum to one con-
straint (Eqg. 1); the representative geometry of the factor
space containing the g-components consists of all points
on or inside the boundaries of a regular (q— 1) dimensional
simplex. The Factor space is a straight line for two mixture
components q=2; for three mixture components q=3, the
simplex factor space is an equilateral triangle. A {g, m} sim-
plex lattice design for g factors (components) is defined by
all possible combinations of component levels with the
proportions being.

A simplex-lattice design of mixture with degree m
consists of m+ 1 points of the factor space which is
equally spaced between values ranging from 0 to 1. For
m =2 which is the second order; then the fractions will
be 0, 1/2, 1. For m=3 the fraction values are 0, 1/3, 2/3, 1
giving us four points l.e. m + 1 points. However, the num-
ber of experimental trials in the optimization process is
derived from the formula (Eq. 2):
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g+m-1)!

542-1)! |
Fora (5,2) latticewe have: N = G+2-1) -5
215 -1)! 214!

Since we have a five component mixture and fifteen
trials, five out of the fifteen pseudo components are situ-
ated at the extreme vertices of the simplex. These five
points are termed the pure or binary blends. Similarly,
the remaining ten pseudo components are situated at
the middle points of the adjoining line of the vertices
of simplex. The fifteen pseudo component points are
defined as follows; 1.[1:0:0:0:0], 2.[0:1:0:0:0], 3.[0:0:1:0:0],
4.[0:0:0:1:0], 5.[0:0:0:0:1], 6.[0.5:0.5:0:0:01, 7.[0.5:0:0.5:0:01,
8.[0.5:0:0:0.5:0], 9.[0.5:0:0:0:0.5], 10.[0:0.5:05:0:0],
11.[05:0:0:0.5:0], 12.[0:0.5:0:0:0.5], 13.[0:0:0.5:05:0],
14.[0:0:0.5:0:0.5], 15.[0:0:0:0.5:0.5].

The {5, 2} simplex lattice mixture have a factor space in the
form of a three dimensional tetrahedron with five vertices
and equidistant to the other; this is based on the imposed
sum to one constraint (Eq. 1). This is shown in Fig. 1;

Expanding Eq. (1), we get;

1T=X+X+ X5+ X, +X; (3)

Thus in the general canonical form of mixture models can
be expressed mathematically as follows;

q
Linear: 7= Z Bix; (4)
i=1

x1

D

X3

Fig. 1 The {5, 2} simplex lattice

q q
Quadratic: 7 = Z bix; + Z Z BiXiX; (5)
i=1

i<j
Substituting the values of i and j in Eq. (5) the quadratic

equation for (0 < i <j < 5)transforms to
Y =b,+ b;X; + byX, + b3X5 + byX,

+ bsXs + by X2+ by, X, X5 + by3Xi Xy

+ 01X, X4 + bysXiXs + byoX2 + bysX,X;

+ byXoXy + bysXoXs + bysX3 + byyXsX,

+ b3sXsXs + byyX + bysX,Xs + bssX: ©)

Thus, multiplying Eq. (3) by b, yields Eq. (7) below;
by = boX; + boXy + bpX5 + boX, + boXs (7)

The X; parameter is successively multiplied with Eq. (3)
to getEq. (8)

X, =X Xy = X X5 = X X, — X X5 = Xf
Xy = Xo Xy — XoX3 = Xy Xy — X Xs = X2
X3 = X1 X3 = Xy X3 = X3X4 = X3Xs = X5 (8)
Xg = XXy = XXy — X3X, — Xy X5 = Xj
Xs = Xi Xs — XoXs — X3 X5 — X X5 = X2
Substituting Egs. (7) and (8) into Eq. (6) yields;

Y =5 Xy + BoXy + BsXs + PaXy + BsXs

+ 12X Xy + Bi3Xi X3 + BraXi X,

+ BrisXeXs + B3 X5 X3 + o XoX,

+ BosXoXs + P3aXsXy + P35 X3 X5,

+ PasXaXs 9)

The mathematical relationship between the actual

response and Scheffe’s regression coefficients is expressed
in Eq. (10)
Y, = ﬂ1,Y2 = ﬂz,Y3 = P35, Y4 = PaYs = Ps,
By =4Y1, —2Y, =2V, B3 =4Y ;3 =2V, = 2V;,
Pra=4Y1,—2Y, = 2Y,, P15 =4Y5 — 2V, = 2V5,
Poz = 4Y53 = 2Y; = 2V3, Py = 4Y54 — 2V, — 2V,
Pos =4Y5s — 2Y, — 2Ys, f5y = 4Y5, — 2Y; = 2V,
P35 =4Y35 — 2Y3 — 2Y5, fus = 4Yy5 — 2Y, — 2Y5 (10)

1.2 Pseudo and real components

The relationship between the real or actual and pseudo
components is expressed mathematically in Eq. (11)

AX =AZ (11)
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where Z is the real components, X is for the pseudo
components and A is a constant representing the pure
or binary blends and also the initial mixture proportion
ratio which will be chosen by the decision maker based
on deep experience in concrete mixture experiments. This
initial trial mix generates the matrix A which is shown as
shown below;

Z,[0.50 : 0.90 : 1.20 : 1.40 : 0.10],
Z,[0.55 : 0.75 : 1.25 : 1.50 : 0.25],
Z,[0.60 : 0.65 : 1.30 : 1.60 : 0.35],
Z,[0.65 : 0.60 : 1.35 : 1.70 : 0.40] and
Z:[0.60 : 0.50 : 1.40 : 1.80 : 0.50]

Putting these into a matrix form, we have [A] matrix:

0.50 0.55 0.60 0.65 0.60
0.90 0.75 0.65 0.60 0.50
1.20 1.25 1.30 1.35 1.40
1.40 1.50 1.60 1.70 1.80
0.10 0.25 0.35 0.40 0.50

The corresponding pseudo component for this initial
mix since it is situated at the vertices of the tetrahedron is
a binary blend. The corresponding pseudo components is
used to determine the corresponding actual mixture com-
ponents, where X, =water cement ratio fraction, X, =Port-
land limestone cement fraction, X;=fine aggregate frac-
tion, X,=coarse aggregate and Xs =fraction of rice husk ash
fraction.

ForA,,;
Z, 0.50 0.55 0.60 0.65 0.60 | 0.5
Z, 0.90 0.75 0.65 0.60 0.50 || 0.5
Z; |=]120125130135140| O
Z, 1.40 1.50 1.60 1.70 1.80 || O
Zs 0.10 0.25 0.35 040 050 )| ©

Z, = 05257, = 0.825,Z, = 1.225,Z, = 1.45,Z, = 0.175;

ForA,s;
Z 0.50 0.55 0.60 0.65 0.60 }( 0.5
Z, 0.90 0.75 0.65 060 050 || O
Zz |=1]1.20 1.25 1.30 1.35 140 || 0.5
Z, 1.40 1.50 1.60 1.70 1.80 || O
Zs 0.10 0.25 035040 050 ){ O

Z, =0.55;Z, =0.775,Z; = 1.25;,Z, = 1.5;Z; = 0.225;

ForAq.;
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Z, 0.90 0.75 0.65 0.60 0.50 || ©
Zs 120 1.25 130135140 || ©
Z, 1.40 1.50 1.60 1.70 1.80 || 0.5

Z, 0.50 0.55 0.60 0.65 0.60 | 0.5
0.10 0.25 0.35 040 0.50 )\ ©

Z, = 05752, = 0.75,Z; = 1.275,Z, = 1.55;Z; = 0.25;

ForA;s;
Z, 0.50 0.55 0.60 0.65 0.60 |{ 0.5
Z, 0.90 0.75 0.65 0.60 0.50 0
Z; |=|1.201.25 1.30 1.35 1.40 0
Z, 1.40 1.50 1.60 1.70 1.80 0
Zs 0.10 0.25 0.35 0.40 0.50 ){ 0.5

Z, = 055, = 0.70,Z; = 1.30,Z, = 1.60,Z5 = 0.30

ForA,;;
Z 0.50 0.55 0.60 0.65 0.60 || O
Z, 0.90 0.75 0.65 0.60 0.50 || 0.5
Zz |=11.20 1.25 1.30 1.35 140 || 0.5
Z, 1.40 1.50 1.60 1.70 1.80 || O
Zs 0.10 0.25 035040 050 ){ O

Z, = 0.575,Z, = 0.70,Z, = 1.275,Z, = 1.55;Z; = 0.30

For A,.;

Z, J [0.50 0.55 0.60 0.65 0.60 )( 0

Z, 0.90 0.75 0.65 0.60 0.50 || 0.5
Zs 120 1.25 130135140 || ©
Z, 1.40 1.50 1.60 1.70 1.80 || 0.5

Zs 0.10 0.25 0.35 040 0.50 )\ ©

7, = 0.60;Z, = 0.675,Z; = 1.30,Z, = 1.60;Z; = 0.325

For As;

Z, 0.90 0.75 0.65 0.60 0.50 || 0.5
Zs 120 125130135140 || ©
Z 1.40 1.50 1.60 1.70 1.80 || ©

4

Zs

Z, 0.50 0.55 0.60 0.65 0.60 || O
0.10 0.25 0.35 0.40 0.50 )| 0.5

Z, = 0575, = 0.625,Z, = 1.325;Z, = 1.65,Z; = 0.375

For As,;
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Z, 0.90 0.75 0.65 0.60 0.50 || ©
Zs 1.20 1.25 1.30 1.35 1.40 || 0.5
Z, 1.40 1.50 1.60 1.70 1.80 || 0.5

Z, 0.50 0.55 0.60 0.65 0.60 || ©
0.10 0.25 0.35 040 0.50 )\ ©

7,0.625,7, = 0.625,Z; = 1.325,Z, = 1.65;Z; = 0375

For Ass;

Z, 0.50 0.55 0.60 0.65 0.60 )| ©
Z, 0.90 0.75 0.65 0.60 0.50 || ©
Z3; |=]120 125130 135 140 || 0.5
Z, 1.40 1.50 1.60 1.70 1.80 || ©
Zs 0.10 0.25 0.35 0.40 0.50 )| 0.5

7, = 0.60;Z, = 0.575,Z; = 1.35,Z, = 1.70;Z, = 0.425

For A,s;
Z, 0.50 0.55 0.60 0.65 0.60 || O
Z, 0.90 0.75 0.65 0.60 0.50 || ©
Z3; |=]1120125130135140| O
Z, 1.40 1.50 1.60 1.70 1.80 || 0.5
Zs 0.10 0.25 0.35 0.40 0.50 )| 0.5

Z, = 0.625,Z, = 0.55,Z, = 1.375;Z, = 1.75;Z; = 0.45

The values of real components (Z,, Z,, Z;, Z, and Z)
calculated are summarized in Table 1. While for the control

points are shown in Table 2.

1.3 Mixture proportion of control points showing
actual and pseudo components

To test the adequacy of the generated model, the control
points’ mixture formulation is computed with the response
used to validate the optimization, the computation for the
fifteen points are as follows;

For control point A,

Z, 0.50 0.55 0.60 0.65 0.60 | 0.3
Z, 0.90 0.75 0.65 0.60 0.50 || 0.3
Z3; |=|120 125130135140 ]| 03
Z, 1.40 1.50 1.60 1.70 1.80 || 0.1
Zs 0.10 0.25 0.35 040 0.50 )\ ©

Z, =0.56;Z, = 0.75;Z; = 1.26;Z, = 1.22;Z; = 0.25
For control point A,

Z, 0.90 0.75 0.65 0.60 0.50 || 0.3
Zs 1.20 1.25 1.30 1.35 1.40 || 0.3
Z, 140 1.50 1.60 1.70 1.80 || ©

Z, J [0.50 0.55 0.60 0.65 0.60 |( 0.3

0.10 0.25 0.35 0.40 0.50 )| 0.1

Z, =0.555,Z, = 0.74,Z; = 1.265;Z, = 1.23;,Z; = 0.26
For control point A,

Z, 0.50 0.55 0.60 0.65 0.60 | 0.3
Z, 0.90 0.75 0.65 0.60 0.50 || 0.3
Z; |=]120125130135140| O
Z, 1.40 1.50 1.60 1.70 1.80 || 0.3
Zs 0.10 0.25 0.35 0.40 0.50 )| 0.1

Tablg 1 Mixture formulation S/N Real components Response Pseudo components
matrix table
Z, z, Z, Z, Zs X X, X, X, Xs
1 0.50 0.90 1.20 1.40 0.10 Y, 1 0 0 0 0
2 0.55 0.75 1.25 1.50 0.25 Y, 0 1 0 0 0
3 0.60 0.65 1.30 1.60 0.35 Y; 0 0 1 0 0
4 0.65 0.60 1.35 1.70 0.40 Y, 0 0 0 1 0
5 0.60 0.50 1.40 1.80 0.50 Y5 0 0 0 0 1
6 0.525 0.825 1.225 1.450 0.175 Y, 0.5 0.5 0 0 0
7 0.550 0.775 1.250 1.500 0.225 Y3 0.5 0 0.5 0 0
8 0.575 0.750 1.275 1.550 0.250 Yia 0.5 0 0 0.5 0
9 0.550 0.700 1.300 1.600 0.300 Yis 0.5 0 0 0 0.5
10 0.575 0.700 1.275 1.550 0.300 Y,3 0 0.5 0.5 0 0
1 0.600 0.675 1.300 1.600 0.325 Ao 0 0.5 0 0.5 0
12 0.575 0.625 1.325 1.650 0.375 Y,s 0 0.5 0 0 0.5
13 0.625 0.625 1.325 1.650 0.375 Y34 0 0 0.5 0.5 0
14 0.600 0.575 1.350 1.700 0.425 Y35 0 0 0.5 0 0.5
15 0.625 0.550 1.375 1.750 0.450 Y45 0 0 0 0.5 0.5
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Z, =0.57,Z, = 0.725,Z, = 1.28;Z, = 1.26,Z = 0.275 Z, 0.50 0.55 0.60 0.65 0.60 }( 0.25
_ Z 0.90 0.75 0.65 0.60 050 |[ ©
For control point A, Z, | =] 120125130 135 1.40 [ 0.25
2] (050 055 080 065 05003 Z | | 140150 150 170 10 | 025
z, 0.90 0.75 0.65 0.60 050 || 0 5 N e e A '
Z,|=[120125130135 140 [| 03
Z, 1.40 1.50 1.60 1.70 1.80 || 0.3 Z, = 0.5875;Z, = 0.6625,Z; = 1.3125,Z, = 1.375:Z; = 0.3375
Z 0.10 0.25 0.35 0.40 0.50 J{ 0.1 _
For control point A,;
Z, = 0.585,Z, = 0.695,Z, = 1.295;Z, = 1.29;Z = 0.305 Z, 0.50 0.55 0.60 0.65 0.60 }( 0
z, 0.90 0.75 0.65 0.60 0.50 || 0.25
For control point A; Z, |=]1.20 125130 1.35 140 |[ 0.25
Z 1.40 1.50 1.60 1.70 1.80 || 0.25
4 0.50 0.550.60 0.65 0.60 )| 0 z: 0.10 0.25 0.35 0.40 050 J{ 0.25
Z 0.90 0.75 0.65 0.60 0.50 || 0.3
Z,|=]1201251301351.40 [ 03
Z, 1.40 1.50 1.60 1.70 1.80 || 0.3 Z, = 0.600;Z, = 0.625,Z, = 1.325;Z, = 1.650;Z; = 0375
Z 0.10 0.25 0.35 0.40 0.50 J{ 0.1 .
For control point A,,
Z, = 0.600,Z, = 0.650;Z, = 1.310;Z, = 1.620;Z = 0.350 Z, 0.50 0.55 0.60 0.65 0.60 }( 0.15
Z 0.90 0.75 0.65 0.60 0.50 || 0.15
For control point A;; Z, |=11.20 125 130 1.35 140 || 0.15
b4 1.40 1.50 1.60 1.70 1.80 || 0.15
Z, 0.50 0.55 0.60 0.65 0.60 }( 0.25 4
Z 090 072 0.65 060 0.20 Il 022 Z 0.10 0.25 0.35 0.40 0.50 J{ 0.40
Zy |=]1.20125 130135 140 || 0.25
Z, 140 1.50 1.60 1.70 1.80 || 0.25 Z, = 0.600,Z, = 0.635,Z; = 1.325;Z, = 1.500,Z; = 0.365
Z 0.10 0.25 0.35 0.40 050 J{ © _
For control point A,
Z, = 0.575,Z, = 0.725,Z, = 1.275;Z, = 1.300;Z; = 0.275 z, 0.50 0.55 0.60 0.65 0.60 |( 0.15
Z 0.90 0.75 0.65 0.60 0.50 || 0.15
For control point A Zs [=]1.201.25 130 1.35 1.40 [[ 0.15
Z, 1.40 1.50 1.60 1.70 1.80 || 0.40
Z, 0.50 0.55 0.60 0.65 0.60 |( 0.25 Z 010 0.95 0.35 040 0.50 Il 0.15
z, 0.90 0.75 0.65 0.60 0.50 || 0.25
Zy |=[1201.25130 135 1.40 || 0.25
Z, 140 1.50 1.60 1.70 1.80 || © Z, = 0.5975;Z, = 0.660,Z; = 1.3125,Z, = 1.475,Z; = 0.340
Z 0.10 0.25 0.35 0.40 050 J{ 0.25

For control point A5,

0.90 0.75 0.65 0.60 0.50 || 0.15
1.20 1.25 1.30 1.35 1.40 || 0.40
1.40 1.50 1.60 1.70 1.80 || 0.15

Z; = 0.5625;Z, = 0.700;Z; = 1.2875;Z, = 1.325;Z; = 0.300 Z 0.50 0.55 0.60 0.65 0.60 | 0.15
For control point A,, Z | =

0.10 0.25 0.35 0.40 0.50 )| 0.15

Z, 0.50 0.55 0.60 0.65 0.60 | 0.25

Z, 0.90 0.75 0.65 0.60 0.50 || 0.25

Z; |=|1.201.25 1.30 1.35 1.40 0

Z, 1.40 1.50 1.60 1.70 1.80 || 0.25 Z, = 0.585;Z, = 0.6725;Z; = 1.300;,Z, = 1.45;,Z; = 0.3275
Zs 0.10 0.25 0.35 0.40 0.50 )| 0.25

For control point A5
Z, = 0.575,Z, = 0.6875,Z; = 1.300;Z, = 1.350,Z; = 0.3125
For control point A5
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Z, 0.50 0.55 0.60 0.65 0.60 | 0.15
Z, 0.90 0.75 0.65 0.60 0.50 || 0.40
Z; |=|120 1.25 1.30 1.35 1.40 || 0.15
Z, 1.40 1.50 1.60 1.70 1.80 || 0.15
Zs 0.10 0.25 0.35 0.40 0.50 )| 0.15

Z, = 0.5725,Z, = 0.6975,Z, = 1.2875,Z, = 1.425,Z = 0.3025

For control point A5

Z, 0.50 0.55 0.60 0.65 0.60 | 0.40
Z, 0.90 0.75 0.65 0.60 0.50 || 0.15
Z; |=|1.201.25 130 1.35 1.40 || 0.15
Z, 1.40 1.50 1.60 1.70 1.80 || 0.15
Zs 0.10 0.25 0.35 0.40 0.50 )| 0.15

Z, = 0.560,Z, = 0.735,Z, = 1.275,Z, = 1.150,Z; = 0.265

2 Materials and methods
2.1 Materials

The constituent ingredient materials used in this experi-
mental investigation include cement, rice husk ash, fine
and coarse aggregate and water. The Unicem brand of Port-
land Limestone Cement of grade 32.5 used in this study
was purchased in an open market and it matches with the
requirements of CEM Il class of cements as defined in NIS
444-1 [18] composition, specifications and conformity crite-
ria for common cements. Rice husk is an agricultural waste

obtained during rice processing and production. The Rice
husk ash (RHA) was obtained from a rice processing mill
in Obubra Local Government Area, Cross River State and
physical observation showed that RHA is greyish in colour
after burning. The fine aggregates used for this study is
river sand, collected from a river bed in Mkpat Enin, Akwa
Ibom State, Nigeria and was prepared to BS EN 12620 [19].
The Coarse aggregate used for the experiment is crushed
granite of maximum size 20 mm and conforms to BS EN
12620 [19]. Also, water which is an important constituent
was used throughout the experimental investigation. The
source of water for the experiment is within Akwa Ibom
State University campus. It satisfies ASTM C1602-12 [20]
requirement of water for use in concrete mixtures.

2.2 Methods

The methods used for this research work involves firstly
the preparation of materials, characterization of the mate-
rials, gradation of the aggregates used, production of con-
crete samples according to the formulated mixture pro-
portions, finally testing and development of the Scheffe's
regression model. The flow chart showing methodology of
Scheffe's model development which was adapted for this
research study is shown in Fig. 2.

2.2.1 Oxide composition

The dominant elemental oxide composition of rice husk
ash (RHA) was obtained at Defense Industry Co-operation
of Nigeria (DICON), Kaduna, Nigeria, using the method of
X-Ray Fluorescence.

Table 2 Mixture proportion of S/N

. | Real components Response  Pseudo components

control points showing actual

and pseudo components Z, z, Z, Z, Z X, X, X3 X, Xs
1 0.560 0.750 1.260 1.220 0.250 G 030 030 030 0.0 O
2 0.555 0.740 1.265 1.230 0.260 G 030 030 030 O 0.10
3 0.570 0.725 1.280 1.260 0.275 G 030 030 O 0.30 0.10
4 0.585 0.695 1.295 1.290 0.305 C, 030 O 030 030 0.10
5 0.600 0.650 1.310 1.620 0.350 G 0 030 030 030 0.10
6 0.575 0.725 1.275 1300 1.275 C, 025 025 025 025 O
7 0.5625 0.700 1.2875 1325 0.300 Ci3 025 025 025 O 0.25
8 0.575 0.6875 1.300 1350 03125 Cy, 025 025 0 025 0.25
9 0.5875 0.6625 13125 1375 03375 (i, 025 O 025 025 025
10 0.600 0.625 1.325 1.650 0.375 Cys 0 025 025 025 025
1 0.585 0.635 1.325 1.500 0.365 Coy 0.15 0.15 0.15 0.15 040
12 0.5975 0.660 13125 1475 0.340 Cys 0.15 0.15 0.5 040 0.15
13 0.585 0.6725 1.300 1450 03275 Gy 0.15 0.15 040 0.15 0.5
14 0.5725 0.6975 1.2875 1425 03025 (s 0.15 040 0.5 0.5 0.5
15 0.560 0.735 1.275 1.150 0.265 Cys 040 0.5 0.5 0.15 0.15
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Fig.2 Methodology of
Scheffe’s model development
flow chart

STAR

| Introduction, objectives of study and problem statement |

| Scheffe’s second degree polynomial modelling |

| Generating the mixture formulations; actual and pseudo component |

[Expetimmtal methodology using the developed mixture formulation ]

l Generating the response parameters |

| Generate the model from obtained Scheffe’s coefﬁcient|

| Test of adequacy of the model using the control points |

| Interpreting the statistical results to rate the performance of the model |

| Conclusion and recommendation |

2.2.2 Compressive strength test

The compressive strength test is used to ascertain the
behaviour of materials under a compression load. Gener-
ally, compressive strength is commonly considered as the
most important property of concrete. Three replicate con-
crete samples were made for the thirty mix ratios each in
150 mmx 150 mm x 150 mm moulds. After mixing and cast-
ing of the concrete, the concrete specimens are demoulded
and cured for 28 days in a curing tank and then tested to
ascertain its response with respect to compressive strength
in accordance with BS EN 12390 [21]. The compressive
strength of concrete was determined using the formula:

F=—

A (1
where P is the failure load; A is the cross sectional area of
the cube.

3 Results and discussion
3.1 Materials characterization

The particle size distribution for fine and coarse aggre-
gates is shown in Figs. 3 and 4, respectively. The fine and
coarse aggregates were sieved with the largest particles
at 4.75 mm and 20 mm respectively in the BSI sieve. For
the fine aggregate, the particle size distribution is shown
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in Fig. 3 and it reveals that the sand falls within zone 2
according to the grading limits for fine aggregates BS 882
[22], which lies within the acceptable range suitable for
construction purposes. The sand satisfies the requirement
of lower and upper limits of the percentage by mass pass-
ing as specified by BS 882 [22]. From the grading curve, it
could be observed that the Coefficient of uniformity (Cu)
and Coefficient of curvature (Cc) for the fine aggregates
are 1.87 and 1.14 respectively. Thus, the sand can be said
to be classified as uniformly graded since the value of Cu is
less than 2 as stipulated in ASTM D 422-63 [23] whereas the
coefficient of curvature (Cc) for coarse aggregate is 1.05.
The chemical composition of RHA portrays that it is a
highly reactive pozzolana due to a combined Al,O;, Fe,0;
and SiO, content of 78.68%, which is higher than the mini-
mum value of 70% as stipulated in ASTM C 618 [24]. The spe-
cific gravity of RHA was found to be 2.10 which falls within
the range of 1.9 and 2.4 specified for pulverized fuel ash
(PFA) as reported by Neville [25] while the specific gravity of
cement was 3.15.The chemical composition of rice husk ash
and Portland limestone cement used is presented in Table 3.

3.2 Compressive strength

The average 28 day compressive strength test result of
laboratory response and average 28 day compressive
strength test result showing the maximum and minimum
obtainable response within the factor space is presented
inTable 4.
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Fig.3 Particle size distribution

for fine aggregate
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Table 3 Chemical properties of materials 3.3 Scheffe’s coefficients
Propert Test result by mass (%) X L
peryy Y The Scheffe’s coefficients of a second degree polynomial is
. a . .
Rice husk ash Cement determined from Eq. (10) which are as follows:
Silica (Si0,) 7530 21 B, = 24,p, = 27.35,p; = 33.45,p, = 21,ps = 16.95,
Aluminium Oxide (Al,O;) 14 5.05 — 2330 11 — 2140 — 2210
Iron Oxide (Fe,05) 1.98 2.70 Prz = 2330, B13 = 1.1, P1g = 2140, By5 = 2210,
Calcium Oxide (CaO) 2.95 63.1 Pa3 = —15.40, By4 = 3.30, B,5 = 5.40, 34 = —16.90,
Magnesium Oxide (MgO) 2.1 1.4 B35 = 23.80, 45 = —3.90
Sodium oxide (Na,O) 0.98 0.45
Potassium oxide (K,0) 555 05 Therefore, substituting the coefficients’ values into
50, _ 253 Eq. (9) yields:
Lol 5.61 1.01

aAttah et al. [3]
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Table 4 The 28 days
compressive strength

Symbol of Real components

Lab. response Pseudo components

response

laboratory response Z, z, Z Z, Zs X; Xy X3 X X
Y, 0.50 0.90 1.20 140 0.0 24.000 1 0 0 0 0
Y, 0.55 0.75 1.25 150 0.25 27.350 0 1 0 0 0
Y3 0.60 0.65 1.30 160 035 33.450 0 0 1 0 0
Y, 0.65 0.60 135 1.70 040 21.000 0 0 0 1 0
Ys 0.60 0.50 1.40 1.80 050 16.950 0 0 0 0 1
Y, 0525 0825 1.225 1450 0.175 31.500 05 05 O 0 0
Y3 0,550 0.775 1250 1.500 0.225 29.000 05 O 05 O 0
Y4 0575 0750 1.275 1550 0.250 27.850 05 0 0 05 0
Yis 0.550 0.700 1.300 1.600 0.300 26.000 05 0 0 0 0.5
Y3 0.575 0700 1.275 1550 0.300 26.550 0 05 05 0 0
Yoa 0600 0675 1300 1.600 0.325 25.000 0 05 0 05 0
Yys 0575 0625 1325 1.650 0375 23.500 0 05 0 0 0.5
Y34 0625 0625 1325 1.650 0.375 23.000 0 0 05 05 0
Y35 0,600 0575 1350 1.700 0425 19.250 0 0 05 0 0.5
Y45 0625 0550 1375 1750 0450 18.000 0 0 0 05 05
G 0560 0.750 1.26 1.220 0.250  29.000 030 030 030 0.10 O
G 0555 0.740 1.265 1.230 0.260  28.500 030 030 030 O 0.10
G 0570 0725 1.28 1.260 0.275  26.950 030 030 O 0.30 0.10
G 0585 0695 1.295 1290 0.305 25.000 030 0 030 030 0.10
G 0.600 0.650 1.31 1.620 0350 24.150 0 030 030 030 0.10
Cy, 0575 0725 1275 1300 1.275 26.000 025 025 025 025 0
Ci3 05625 0.700 1.2875 1.325 0.300 25.850 025 025 025 0 0.25
Cia 0575 06875 1.3 1.350 03125 25.250 025 025 O 0.25 0.25
Cis 0.5875 0.6625 1.3125 1.375 0.3375 24.000 025 0 025 025 025
Cy; 0600 0625 1.325 1,650 0.375 23.000 0 025 025 025 0.25
Co 0585 0635 1.325 1500 0.365 23.650 0.15 0.15 0.15 0.15 0.40
Cys 05975 0.660 1.3125 1475 0.340 24.000 0.15 0.15 0.15 040 0.15
Ca 0585 06725 1.3 1450 0.3275 24.950 0.15 0.15 040 0.5 0.15
Css 05725 0.6975 1.2875 1425 0.3025 27.100 0.15 040 0.15 0.5 0.15
Cys 0560 0.735 1.275 1150 0.265 27.000 040 0.15 0.15 0.5 0.15

Ycomp = 24Xy +27.35X, + 33.45X; + 21X,
+ 16.95Xs + 23.3X; X, + 11X, X5 + 21.4X, X,
+ 221X, X5 — 15.4X,X;5 + 3.3X,X, + 5.4X,X;
— 16.9X;X, — 23.8X3Xs — 3.9X,X;
(12)
Equation (12) is the modelled mathematical relation-

ship to aid in optimization of compressive strength of
rice husk ash concrete.

3.4 Validation and test of adequacy of the model

To ascertain whether the formulated model in Eq. (12) is accept-
able to be used in predicting compressive strength, it is essential
to carry out statistical test. The test for adequacy of the model
was carried out with the aid of student’s t test and analysis of
variance. Fifteen extra points were used to test the model’s
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validity and adequacy of the model was tested by comparing
the experimental results of the control points with the predicted
results. In this test, the two hypotheses tested are that:

There is no significant difference between the obtained lab-
oratory results of the compressive strength and the model pre-
dicted values at 0.05 critical value (), this is the null hypothesis.

There is a significant difference between the obtained
laboratory results of the compressive strength and the
model predicted values at 0.05 critical value (a), this is
the alternate hypothesis.

3.4.1 Student’s t test results

A two-tailed student t test at 0.05 critical value (@) was
used to compare the two groups the criteria for decision
is if t stat>t Critical two-tail, we reject the null hypoth-
esis. Table 5 presents the experimental result and model
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Table 5 The experimental and model results for the control points

Symbol of response  Lab response Model response

@ 29 28.584
G 285 28.056
G 26.95 28.428
C, 25 25.566
G 24.15 22.956
G 26 27.5
G 25.85 26.231
G 25.25 26.8
G 24 23.85
Cro 23 21.481
G 23.65 23.016
C, 24 24.182
Cs 24.95 25.086
Cra 27.1 26.246
Cis 27 27.332

result of compressive strength for the control points.
For the t test, the t stat=-0.248389831 and t critical two-
tail=2.144786688, so t critical > t stat. Therefore, we accept
the null hypothesis. The results is presented in Table 6.

Table 6 T-Test: paired two sample for means

Laboratory response Model response

3.4.2 Analysis of Variance

If F>F crit, we reject the null hypothesis of the analysis
of variance. Table 7 presents the result of the analysis,
F=0.006942 and F crit=4.19597 so F crit>F. Therefore,
we do not reject null hypothesis. However, this infers that
there was no significant difference between the experi-
ment result and the model result. Henceforth, the model is
satisfactory for use in predicting the compressive strength
of rice husk ash blended cement concrete.

3.5 Discussion of results

Generally, Scheffe’s simplex method was applied in this
study and the results of 28 days compressive strength
were obtained. The results of the compressive strength
obtained from both the laboratory response and model
response are displayed in Tables 4 and 5. Based on the for-
mulated model, the peak value of compressive strength of
33.45 N/mm? was achieved with a corresponding mix ratio
of 0.60: 0.65: 1.30: 1.60: 0.35 for fraction of water, cement,
fine aggregate, coarse aggregate and rice husk ash respec-
tively. It is interesting to note that the addition of about
7.78% by weight of rice husk ash to the concrete mix with
a water cement ratio of 0.60 resulted to the peak value of
compressive strength. The lowest compressive strength
response was found to be 16.95 N/mm? and this was as a

Mean 25.62666667 25.68766667 result of adding about 10.42% by weight of rice husk ash
Variance 3.207452381 4.832481256 to the concrete mix with a water cement ratio of 0.60. The
Observations 15 15 optimization results achieved in this study indicates that
Pearson correlation 0.906182568 both the minimum and maximum compressive strength
Hypothesized mean dif- 0 of 16.95 and 33.45 N/mm? were within the standard com-

ference pressive strength of Portland Limestone cement grade
df 14 32.5at 7 and 28 days respectively, as recommended in [26].
tstat ' 0248389831 However, the peak value of 28 days compressive strength
P(T.S.t) One'ta'l' 0.403719653 was above the minimum requirement of 20 and 25 N/mm?
t Critical One't'a'l 1761310136 cube strength of concrete for structural use NCP 1 [27] and
P(T.S.t) two'ta”. 0.807439305 for reinforced concrete according to BS 8110: Part 1 [28].
t Critical two-tail 2.144786688 This result portrays that RHA been a good SCM could still
Table 7 Anova single factor
Anova single factor
Groups Count Sum Average Variance
Laboratory response 15 384.4 25.62667 3.207452
Model response 15 385.315 25.68767 4.832481
ANOVA
Source of Variation SS df MS F P-value F crit
Between groups 0.027907 1 0.027907 0.006942 0.93419 4195972
Within groups 112.5591 28 4.019967
Total 112.587 29
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be used as a construction material in concrete structures
in a bid to improve environmental protection, eradicate
waste management problem and sustainability.

4 Conclusion

In this study, Scheffe’s second degree polynomial was
applied in formulating model for the optimization of com-
pressive strength of rice husk ash blended cement concrete.
The result revealed that the response predicted by the for-
mulated model is in good agreement with the correspond-
ing experimentally observed results. The maximum value
of compressive strength of 33.45 N/mm? was achieved with
a corresponding mix ratio of 0.60: 0.65: 1.30: 1.60: 0.35 for
fraction of water, cement, fine aggregate, coarse aggregate
and rice husk ash respectively. Also, the minimum compres-
sive strength response was found to be 16.95 N/mm? with
a corresponding mix ratio of 0.60: 0.50: 1.40: 1.8: 0.5. Based
on the test of adequacy, student t test and the analysis of
variance (ANOVA) test at 95% confidence level were applied
to check the adequacy of the models and from the results,
the p-value of 0.93 for the ANOVA while P (T <t) two tail of
0.807 which indicates a very strong correlation between the
experimental and model control results.
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