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Abstract: This work aims at prediction of compressive strength of Pulverised Fuel ash (PFA) — cement
concrete based on Osadebe’s five component second- degree polynomial. The model was used to optimize the
compressive strength of concrete made from, cement, Pulverised Fuel Ash, sand, granites and water. A total of
ninety (90) cubes were cast, comprising three cubes for each mix ratio and a total of thirty (30) mix ratios. The
first fifteen (15) were used to determine the coefficients of the model, while the other fifteen were used to
validate the model. The mathematical model compared favourably with the experimental data and the
predictions from the model were tested with the statistical fischer test and found to be adequate at 95%
confidence level. With the model developed in this work, any desired compressive strength Pulverised Fuel Ash-
cement concrete can be predicted from known mix proportions and vice versa.
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I.  Introduction

Construction industries in Nigeria rely heavily on cement for its operation on development of shelter
and other infrastructural facilities. The provision of low cost but durable materials is almost universally
recognized as one of the set-backs to improve housing conditions in Nigeria and other developing countries.
Among the building materials in use today, the Ordinary Portland Cement is a vital element in all types of
construction. Cement is very expensive. This has drastically reduced the construction of housing. Consequently,
it has become absolutely difficult for majority of Nigeria citizens to own houses.

According to Neville, et al (1990), concrete is a product of water, cement and aggregate, when
sufficiently hardened, is used in carrying various loads .However, in Nigeria due to the rapid rising of the cost of
ordinary Portland cement (which is an important ingredient in concrete) there is need to develop cheap and
replaceable substitute for cement. Consequently, many researches are being carried out on cheap and
replaceable or complimentary substitutes for ordinary Portland cement. These researches are also aimed at
putting into effective use industrial waste products.

The properties of concrete are controlled by the relative quantities of cement, aggregates and water
mixed together both in plastic and hardened states. Also these properties can be improved by the addition of
either a chemical admixture or supplementary cementitious material, which will make the number of
components of concrete five (that is in addition to water, cement, coarse aggregate and fine aggregate). For this
research work the components of concrete are cement, Pulverised Fuel Ash (PFA), fine aggregate, coarse
aggregate and water, in this work, a mathematical model for the optimization of Compressive Strength of
concrete based on Osadebe’s second-degree polynomial is developed with different percentages of PFA as
partial replacement of cement. This involves testing concrete from the different mix ratios where cement is
partially replaced with PFA and developing a mathematical model that can be used to predict the compressive
strength of the concrete given any mix ratio or predict mix ratios given a particular Compressive Strength of
concrete.

Osadebe’s Concrete Optimization Theory

Osadebe in his theory stated that concrete consists of four- component material. It is produced by
mixing water, cement, fine aggregate (sand) and coarse aggregate. These ingredients are mixed in reasonable
proportions to achieve desired strength of the concrete. In this paper, the fifth component, Pulverised Fuel Ash
shall be added as one of the component materials of concrete.

Let us consider an arbitrary amount ‘S’ of a given concrete mixture. Let the portion of the i" component of the
five constituent materials of the concrete be S;, i= 1, 2,3,4,5. This was carried out with the principle of absolute
mass.

Sl+52+53+54+55=5 (1)
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Where ?‘ is the proportion of the i™ constituent component of the concrete mixture.

=1 )

Let =27, i=1,234,5 ®)
Substituting equation (3) into equation (2) yields:
Z1+Zz+Z3+Z4+25=1 (4)

Experience has shown that the coefficient of regression when > Z=1 is mostly too large that the regression
becomes too sensitive. As a result, when values of predictors outside the ones used in formulating the model are
used to predict the response, the regression gives outrageous values. To correct this short coming a system of Z
that will make Y= Z=10 will be adopted for convenience.

Multiplying equation (4) by 10 gives equation (4b)

10Z; + 10Z,+ 10Z5+ 10Z,+ 10Z5=10 (4b)
Let 10Z=27;
ThUS, Zl +Zz+Z3 +Z4 +ZS =10 (4C)

Where Zy, Z,, Z; Z, and Zs are proportions of water, cement, Pulverised Fuel Ash, sand, and coarse
aggregate respectively. In general, for any given concrete mixture, exists a vector

Z(Z1,Z,, Z3 Z4 ). In this paper where five component materials are considered, the vector is transformed to Z
(21, Z,, Z3Z, ,Zs5 ) whose elements satisfy equation (4). Also, for each value of Z;, the following inequality
holds:

Z;>0 )

It is important to note that the proportion of relative constituent ingredient of concrete govern the strength of the
concrete at its hardened state. Thus, the compressive strength, Y, of concrete can be expressed mathematically
using equation (6) as:

Y =1(Zy, 2y, Z374 ,Zs) (6)

Where f (Z,, Z,, Z3Z, ,Zs) is a multi-variate response function whose variables Z; are subject to the
constraints as defined in equations (4) and (5).

Osadebe’s regression equation

This model assumed that the response function is continuous and differentiable with respect to its variables, Z;,
hence, it can be expanded using Taylor’s series in the neighbourhood of a chosen point Z© = Zl(o) + Zéo) +
70+ 7+ 79 as follows:

(2.~ 20)
m!

F@ =) r(z20)+ @)

forr 0<m<w

Where m is the degree of polynomial of the response function and f(Z) is the response function. Expanding
equation (7) to the second order yields:
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1@ = f(Z(O))+Z it )(z 20)+ 5! Zzaa’;(gz)(z 29)(z - 2)

i=1j=1

82 f(7(©
+ZZ f(Z )(Z Z(o))z B ®

oz}

i=1

The point Z© will be chosen as the origin for convenience sake without loss of generality of the formulation.
The predictor Z; is not the actual portion of the mixture component, rather. It is the ratio of the actual portions to
the quantity of concrete. For convenience sake, let Z; be called the term of “fractional portion”. The actual

portions of the mixture components are S;.
Consequently, the origin, 2 = 0.this implies that:

7,9=0, ,%=0, =0, =0, :"=0 ©)

af (0) 32£(0) a%f(0)
Let bo = f(O) ’ bi = aZi ’bij = aZ aZ and bll = aZ-z

Equation (8) can then be written as follows:

f(O)—b0+ZbZ +ZZbuzz +Zbu 24 (10)

i=1j=
Multiplying equatlon (4) by bo, gives the foIIowmg expression:

bo = boZl + boZz + bo Z3 + boZ4 + bon (11)

Similarly, multiplying equation (4) by Z; will give the following expression:

2= 2P+ 2120+ 2y Za+ 2y Zy+ 2y Zs (12a)
Zy= Zy Zot+ 2%+ 2,25+ ZoZu+ ZoZs (12b)
Zs = Zy Za+ ZoZat 233+ ZsZu+ ZsZs (12c)
Z24= 2y Zut 224+ Z4Zat Za*+ 2475 (12d)
Zs= Zy Zs+ ZoZs+ ZsZst ZyZst Zs (12e)

Rearranging equations (12a) to (12e), the expression for Z;* becomes;

2:2=24- 212y - 2125 - Z1Zy - Z1Zs (13a)
2,2 =25~ 2175 — 2,25 — ZoZ4— ZoZs (13b)
252 =Z5- 2175~ 2,25 — Z3Z4— Z3Zs (13¢c)
22=24- 2124~ 2,24 — Z3Z4— ZuZs (13¢)

Substituting equation (13a) to (13e) into equation (10) and setting f(0) =Y will give in the expanded form

below:

Y =boZ; + boZy + byZs + byZy + boZs + b1 Z1 + 0,7, + b3Zs + DaZy + bsZ5+01271 75+
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b13212173 + 0142174 + 0152175 + 0332573 + 0342524095757 + 0342374 +
0352375 + DusZaZs + 011 (21 - 2125 - 2173~ 7,74 - 7, 75) +
020 (Zy — 212y — ZpZs— ZyZ4— ZpZs) + b33 (Zs — 2123 - ZoZ3 - Z3Zy - Z3Zs) +
D14 (Z4— 2124 - 224 - Z3Z4- Z4Z5) — D55 (Zs -Z1Z5 — ZpZs5— Z3Zs— Z4Zs)
(14a)
Factorizing equation (14a) yields

Y = Zl(bo + bl + bll) + Zz(b() + bz + bzz) + Z3(b0 + b3 + b33) + Z4(b0 + b4_ + b4_4_) + Zs(bo + bs + bss)
+ Z1Zy(b1p — byy — byp) + Z1Z3(b13 — byy — b33) + Z1Z4(byy — b1y — byy)
+ Z1Z5(bys — byy — bss) + ZyZ3(by3 — byy — bys) + ZpZ4(byy — byy — bys)
+ Z,Z5(bys — byy — bss) + Z3Z4(b3s — b3z — byy) + Z3Z5(b3s — b3z — bss)
+ Z4Z5(bys — bys — bss) (14b)

The summation of the constants is equal to a constant thus; let

;= by + b; + b; and ;= b;; + b; + b (14c)

Equation (14b) becomes:

Y =072y + XpZy + Xgly+ XyZy+ XsZst XypZ1Zy+ Xi3Z1 73+ X942 24+ XysZ1 25+ X373+
Xp4Zply+ KXosZols+ Xaglaly+ XasZalst XysZyZs (15a)

or

5 5
i=1

1<isy
Where, Y is the response function at any point of observation Z; and Z; are the predictors; o;and o;; are the
coefficient of the regression equation.

The Coefficient of the Regression Equation
Let n™ response (compressive strength for the serial number n) be Y ™ and the vector of the
corresponding set of variables be (see Table 1):
7M™ = (Zl(n)l Zz(n)l Z3(n), 24(n)’ Zs(n))
Different points of observation will have different predictor at constant coefficient. At n™ observation point, the
response function Y ™ will correspond with the predictors z;".
Thus,

5 5
ym = Zaizi(”) + Z a, 2,2 (16)
i=1 1<isj
Where 1<i<j<5andn=1,2,3,...,15
Equation (16) can be written in a matrix form as,
[Y ™1 =2 [«] (17)
Expanding equation (17) gives:
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[ yo\ (zo 7wz 7oz Y\ (o )
v 20 7,0 20 . ZOZO o,
vo | =| zo z® 2o ... 7.7, o; , (18)
vamn 719 7,09 709 Z197509) s

\ N Joon

The actual mixture proportions S; ™ and the corresponding fractional portions, Z\™ is shown in table 1.

The values of the constant coefficient a in equation (17) are determined with the values of Y™ and z™.
Rearranging equation (17) gives

[o] = [ [Y™]

Expressing equation (19) in expanded form yields:

" ocy 7 Z Z;o ZWzs0 Y\ 1 oyo
ot 7O 7@ 7:@ . Z4DZ5D Y
o3 | =| z1® 7,0 Z:® ... 70753 v&) , (19)
O 45 Z,09 7,09 709 744975159 (i)

NN AN

The values of «; to «45 are obtained from equation (19) and substituted into equation (15a) to obtain the
regression equation. The values of Z ™] matrix is shown in table 2; the values inverse of [Z ™] matrix is
presented in table 3, while the values of [Y ] matrix are obtained from the experimental investigation.

Il.  Materials and Methods

The materials used for the laboratory test included:

i. Water used for this work was obtained from the premises of Federal University of Technology, Owerri,
Nigeria. The water was clean and good for drinking.

ii. Dangote cement, a brand of ordinary Portland cement that conforms to BS 12(1978)

iii. The fine aggregate, river sand used for this research work were obtained from a Otamiri river, near Federal
University of Technology, Owerri

iv. The coarse aggregate, granite chippings used was quarried from crushed rock industries quarry, Ishiagu,
along Enugu-Port Harcourt express way, Ebonyi state, Nigeria. The granite has a maximum size of 20mm.
They were washed and sun-dried for seven days in the laboratory to ensure that they were free from
excessive dust, and organic matter.

v. Pulverised Fuel Ash (PFA) is a pozzolanic material. Pulverised Fuel Ash used as a partial replacement of
cement in various mix proportion was obtained from the thermal coal station at Oji River, Enugu state,
Nigeria. It was grinded and sieved 212um sieve to obtain finer particles capable of reacting with cement,
fine aggregate, coarse aggregates and water to form Pulverised Fuel Ash-cement concrete

The mix ratios used for the simplex design points were obtained using pentahedron factor space for five —

component mixture.

I1l.  Compressive Strength Test
Batching of the ingredients was done by mass. Cement/ Pulverised Fuel Ash were thoroughly mixed
together with a mixture of sand and granite. The entire component was cast in concrete mould of size 150 x
150x 150 mm. The concrete cubes were cured in a curing tank for 28 days and were crushed using universal
testing machines. Compressive strength of the cubes was calculated using equation 20:

compressive load of cube at failure (N) (20)

Compressive strength =

cross sectional area of mould (mm?2)

The results of the compressive test for laboratory and the model are shown in Table 4
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Table 1: Selcted mix proportion and corresponding component fractional based on Osadebe’s second-
degree polynomial For system of Y Z =10

TRIAL MIXES
SIN MIX PROPORTIONS COMPONENT’S FRACTION
St Sz Sz Sy Ss Z Z, Zs Z, Zs
1 1057 |0.95 0.05 2 4.0 0.75 1.25 0.07 2.64 5.28
2 |05 0.90 0.10 1.2 2.4 0.98 1.76 0.20 2.35 4.71
3 | 055 085 0.15 1.5 2.0 1.09 1.68 0.30 2.97 3.96
4 106 0.80 0.20 2.1 4.2 0.76 1.01 0.25 2.66 5.32
5 |06 0.75 0.25 1.2 4.0 0.88 1.10 0.37 1.76 5.88
12 | 0535 | 0.925 | 0.75 1.6 3.2 0.84 1.46 0.12 2.53 5.05
13 1056 |0.90 0.10 175 | 3.0 0.89 1.43 0.16 2.77 4.75
14 10585 | 0875 [0.125 |205 [4.1 0.76 1.13 0.16 2.65 5.30
15 | 0.585 | 0.85 0.15 1.6 4.0 0.81 1.18 0.21 2.23 5.57
23 | 0525 | 0875 |0.125 |135 |22 1.03 1.72 0.25 2.66 4.33
24 | 055 |0.85 0.15 165 | 3.3 0.85 1.31 0.23 2.54 5.08
25 | 055 |0.825 |0.175 |12 3.2 0.92 1.39 0.29 2.02 5.38
34 | 0575 | 0.825 |0.175 | 1.8 3.1 0.89 1.27 0.27 2.78 4.79
35 | 0575 | 0.8 0.20 135 | 3.0 0.97 1.35 0.34 2.28 5.06
45 | 0.6 0775 0225 165 |41 0.82 1.05 0.31 2.24 5.58
CONTROL
C; |054 |09 0.1 1.567 | 2.80 | 0.914 1.524 0.169 2.653 4.740
C, |0573 |0.867 |0.133 |1.866 |3.40 | 2.838 1.265 0.194 2.728 3.971
C; |0.590 |0.833 |0.167 |1.766 | 5.066 | 0.715 1.122 0.225 2.319 5.478
C, |0555 |0875 |0125 |17 3.15 | 0.867 1.366 0.195 2.654 4.918
Cs |0.580 | 0.8375 | 0.1635 | 1.7 3.55 | 0.849 1.226 0.239 2.489 5.198
Cs | 0.555 | 0.8625 | 0.1375 | 1.475 | 3.1 0.705 1.407 0.224 2.406 5.051
C; |0546 | 0925 |0.0875 | 1.675 | 3.1 0.861 1.443 0.138 2.649 4.703
Cs | 0580 [0.825 |0.175 | 1.475 |35 0.885 1.259 0.267 2.250 5.339
Cy |0.585 | 0.89 0.11 176 |3.32 |0.841 1.341 0.166 2.691 5.002
Cyp | 0.569 | 0.85 0.15 1.6 3.32 | 0.810 1.311 0.231 2.468 5.120
Cy | 0571 | 0855 |0.145 |1.68 |3.48 |0.848 1.270 0.215 2.496 5.170
Cy, | 0567 | 0835 |0.165 |1.61 |3.34 | 0.870 1.281 0.253 2.470 5.125
C;3 | 0.562 | 0.8675 | 0.1325 | 1.555 | 3.26 | 0.881 1.360 0.208 2.438 5.112
Cy, | 0562 | 0855 |0.145 | 1.625 | 3.42 | 0.855 1.293 0.2119 2.458 5.174
Cy;s | 0.582 | 0.8573 | 0.1425 | 1.74 | 3.96 | 0.725 1.178 0.176 2.389 5.438
Table 2: Z" Matrix
Zl Zz Zg Z4 25 Z]_Zz Z]_Zg Z]_Z4 Z]_Z5 Zng 2224 2225 2324 Z3ZS Z4Z5
0.75 | 1.25 | 0.07 | 2.64 | 5.28 | 0.938 | 0.053 | 1.980 | 3.96 | 0.088 | 3.3 6.6 0.185 | 0.370 | 13.939
098 | 1.76 | 0.20 | 2.35 | 4.71 | 1.725 | 0.196 | 2.303 | 4.616 | 0.352 | 4.136 | 8.290 | 0.47 | 0.942 | 11.069
1.09 | 168 | 0.30 | 2.97 | 3.96 | 1.831 | 0.327 | 3.237 | 4.316 | 0.504 | 499 | 6.653 | 0.891 | 1.188 | 11.761
0.76 | 1.01 | 0.25 | 2.66 | 5.32 | 0.768 | 0.19 | 2.002 | 4.043 | 0.253 | 2.687 | 5.373 | 0.665 | 1.33 | 14.151
0.88 | 1.10 | 0.37 | 1.76 | 5.88 | 0.968 | 0.326 | 1.549 | 5.174 | 0.407 | 1.936 | 6.468 | 0.652 | 2.176 | 10.349
0.84 | 1.46 | 0.12 | 253 | 5.05 | 1.226 | 0.101 | 2.125 | 4.242 | 0.175 | 3.694 | 7.373 | 0.304 | 0.606 | 12.777
0.89 | 1.43 | 0.16 | 2.77 | 4.75 | 1.273 | 0.142 | 2.465 | 4.228 | 0.229 | 3.961 | 6.793 | 0.443 | 0.760 | 13.158
0.76 | 1.13 | 0.16 | 2.65 | 5.30 | 0.859 | 0.122 | 2.014 | 4.028 | 0.021 | 2.995 | 5.989 | 0.424 | 0.848 | 14.045
0.81 | 1.18 | 0.21 | 2.23 | 5.57 | 0.956 | 0.170 | 1.806 | 4.512 | 0.248 | 2.631 | 6.573 | 0.468 | 1.170 | 12.421
1.03 | 172 | 0.25 | 2.66 | 4.33 | 1.772 | 0.258 | 2.740 | 4.460 | 0.430 | 4.575 | 7.448 | 0.665 | 1.083 | 11.518
0.85|1.31|0.23| 254|508 | 1114 | 0.196 | 2.159 | 4.318 | 0.301 | 3.327 | 6.655 | 0.584 | 1.168 | 12.903
0.92 | 1.39 | 0.29 | 2.02 | 5.38 | 1.279 | 0.267 | 1.858 | 4.950 | 0.403 | 2.808 | 7.478 | 0.586 | 1.560 | 10.868
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0.89 | 1.27 | 0.27 | 2.78 | 4.79 | 1.130 | 0.240 | 2.474 | 4.264 | 0.343 | 3.531 | 6.083 | 0.751 | 1.293 | 13.316
0.97 | 1.35| 0.34 | 2.28 | 5.06 | 1.310 | 0.330 | 2.212 | 4.108 | 0.459 | 3.078 | 6.831 | 0.775 | 1.720 | 11.537
0.82 | 1.05| 0.31 | 2.24 | 5.58 | 0.861 | 0.254 | 1.837 | 4.576 | 0.326 | 2.352 | 5.859 | 0.694 | 1.730 | 12.499
Table 3: inverse of the Z™ matrix
A L Z Z Z L, |LL, |LL |LL |LL LI, LI |Ll, |LL |LL
646,173 | 338434 | 118363 | 227864 | -221.896 | 1177.784 | -374.486 | 931.8606 | -500.627 | 609.8273 | -1077.1 | 6903306 | 1946381 | -169.875 | 4374698
129648 | 2118276 | -25.0242 | 338434 | 375063 [ 1349698 [ -171.024 | 4523441 [ -177.157 [ 4270483 | 252712 [ 7693981 | 2497434 | -105.436 [ 238.3039
2413256 [ 423.6017 [ -142.146 | 1389.092 [ -8.13604 | -2510.62 | 1089.761 | 4040.68 | 1019.163 | 57385 [ 1680431 | -311453 [ 392807 [ 472449 | 472836
9679907 [ 1237629 [ 1.103274 | 3706226 [ 2004836 | -19.1537 | 8127822 [ -35.5584 | 28.19848 | -10.5298 [ 2023001 | -21.0457 [ -339347 [ 8436402 | 578046
070243 [ 121023 [ 2260212 | 123320 0661 [ 2883123 | -2.44006 [ 2725708 | 1794 | -0.44122 | -235277 | 3356386 | -033016 | -3.15008 [ 3.199157
139.0292 | 101.2965 | 27.81165 | 1663936 | 47.1372 [ -220.745 [ 1184014 | -269.209 [ 139.1869 [ -106.941 [ 239.7851 [ -131567 | 124554 [ 6672179 [ -162907
37735 [ 4923741 | 6451633 | 256673 | 5067247 | 343.061 [ -195.925 [ 6903984 [ -149.966 [ -112.639 | -165.384 | -79.6911 [ 51.33869 | 6360519 [ 2252454
4055020 | 6083678 | 1051135 | 404485 | -105064 | 080843 | 2611717 | 21004 | 357826 | -69.4002 | 65.61680 | -26.0892 | 4513161 | -10.0775 | 37.19033
$5.16856 | 8608385 | 7106181 | 37.8435 | 3442751 | 154081 [ 4767634 | 132674 [ 8167711 | 66.1678 | 138788 [ -100.151 [ -19.1525 [ 2725763 | 747882
154381 | 440953 | 221373 | 120930 | -10404 | 1416208 | -714494 | 2878785 | 733851 | 3367463 | -111037 | 3014617 | 4122743 | 208249 | 3230349
1620982 | 617396 | -134515 | 44.80268 [ 9237299 [ 137313 | 17.8185 | -62.5088 [ 31.65993 [ 3.707483 | 39.26193 [ 208153 [ 310027 [ 1711072 [ 421414
4430164 | 814336 | 3801717 | 2628411 [ -106366 | 1400644 | 1261005 | -28.8556 [ 492917 [ 298015 [ 1214311 [ 5.002887 [ 221311 [ 6388119 [ -13.8778
217843 | 37032 | 0710062 | -80.2821 | 1273257 [ 2270130 | 086144 | 324.6908 [ 505042 | 1144760 | -134.587 | -163347 | 2782803 | 2113685 | -5.13301
258563 | 544648 | 1537428 | 140431 714505 | 2753811 [ 110304 | 432.0805 | -126.200 | 150154 | -190.351 [ 5333176 | 37376 | 320157 [ 7033064
165721 | 208884 | 063172 | -3.27577| 266602 | 2.88902 | 057328 | 4433649 | -3.78464 | 2.044158 | 256061 | 2406579 | 094574 | 0237125 | 6173388
Table 4: Compressive strength in N/mm? of 28" day old concrete cubes
Point of Compressive Compressive Compressive Mean Osadebe
observation | strength of strength of strength of compressive model
Replication 1 Replicate 2 Replicate 3 strength (N'/mm?) | compressive
(N/mm?) (N/mm?) (N/mm?) strength
result
(N/mm?)
1 42.66 42.66 42.22 42.51 42.51
2 34.22 39.55 40.88 38.21 38.21
3 31.55 34.46 34.22 3341 3341
4 41.33 42.66 38.22 40.73 40.73
5 21.33 24.44 20.00 21.92 21.92
12 41.33 39.11 47.55 42.66 42.66
13 40.88 40.00 40.77 40.55 40.55
14 35.11 35.55 32.00 34.22 34.22
15 3111 28.44 28.88 29.47 29.47
23 30.22 32.88 3111 31.40 31.40
24 33.77 34.22 33.77 33.92 33.92
25 33.33 3111 35.55 33.23 33.33
34 26.66 29.33 29.77 28.58 28.58
35 24.88 29.33 27.11 27.10 27.10
45 17.77 18.66 18.66 18.36 18.36
C. 38.11 42.66 43.55 41.44 41.58
C, 33.00 33.88 32.44 33.12 30.12
Cs 33.55 20.11 26.22 23.29 23.29
C, 30.88 34.66 39.55 35.03 31.07
Cs 24.55 2411 24.55 24.40 23.09
Cs 33.33 32.88 33.33 33.18 33.58
C, 40.40 40.00 40.77 40.39 43.77
Cs 28.44 29.33 28.88 28.88 25.77
Co 39.11 34.67 38.22 37.33 34.39
Cio 29.33 30.11 29.22 29.55 26.16
Cu 29.11 28.66 30.44 29.40 26.58
Cip, 25.00 25.66 25.88 25.51 23.98
Cis 32.00 32.44 33.77 32.77 32.85
Cu 27.11 28.11 29.11 28.11 26.80
Cis 28.00 28.88 28.88 28.59 27.82
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THE REGRESSION EQUATION
The solution of equation 19, given the responses in table 3, gives the unknown coefficient of the regression
equation as follows:

o; =-5685.38  ocy, =3415.259 o ,4 = 835.9397
o, =-6692.39 o3 =-3595.77 (o5 = 553.3372
o3=21943.39 o4 =-566.255 o34 = -1386.23
o, = 7714913 o5 =814.8985 o35 =-2371.04
o« 5 = -18.9654 o ,3 = -2049.49 o 45=-72.7589
Hence, from equation 15b, the regression equation is given by:

Y = -5685.38Z, - 6692.39Z, + 21943.39Z, + 771.4913Z,- 18.9654Z5+ 3415.259Z,7,
-3595.77Z,Z5-566.255Z,Z,+ 814.8985Z,Z5 -2049.49Z,Z; + 835.9397Z,Z, +
553.3372 Z,Zs - 1386.23Z5Z, - 2371.04Z,75 -72.7589Z,Zs (1)

Equation (21) is the mathematical model for the optimization of compressive strength of Pulverised Fuel Ash-
cement concrete based on Osadebe’s second-degree polynomial.

TEST OF ADEQUACY OF THE MODEL
The test for adequacy for Osadebe’s Regression Model was done using Fischer test at 95% accuracy level. The
compressive strength at the control points
(i.e. C1,Cy, C3,Cy, Cs, Cs,C7, Cg,Co,Cyp, Cq1 Cyp, Cuz, Cig, Cys). Inthis, two hypotheses were set aside:
a) Null Hypothesis: At 95% accuracy level, that there is no significant difference between the laboratory
concrete cube strength and model predicted strength results.

b) Alternative Hypothesis: At 95% accuracy level, there is a significant difference between the
laboratory concrete cube strength and model predicted strength results.
The test is carried out as shown in Table 5.

Table 5: Fischer-statistical test computations for Osadebe’s Regression Model

Control Ve Ym
points Ve ¥o | Yor Fm | (e~ ¥)° Yo~ ¥m)°
C; 41.44 41.38 10.13 | 11.34 102.62 128.69
C, 33.11 30.12 1.8 0.08 3.24 0.006
C; 23.29 23.39 -8.02 | -6.63 64.32 44.22
C, 33.69 31.07 2.38 1.03 5.66 1.06
Cs 24.40 23.09 -6.91 | -6.95 47.75 48.30
Cs 33.14 33.38 1.86 3.34 3.46 11.16
C; 40.39 43.77 9.08 13.73 82.45 88.51
Cs 28.88 25.77 -2.43 | -4.27 5.90 18.23
Co 37.33 34.39 6.02 4.35 36.24 18.92
Cio 29.55 26.16 -1.39 | -3.88 1.93 15.05
Cu 29.40 26.58 -1.91 | -3.46 3.65 11.97
Ci, 25.51 23.98 -5.8 -6.06 33.64 36.72
Cis 32.73 32.85 1.43 2.81 2.04 7.80
Cus 28.11 26.80 -3.20 | -3.29 10.24 10.50
Cis 28.59 27.82 -2.72 | -2.22 7.40 4.93
Sum Y ye Yym Y(e —ye)*= | X(ym—
= 469.6 = 450.55 410.54 Ym)2=
546.076
Mean ye =31.31 Im=30.04

Note: ye is the experimental compressive strength, while ym is the model compressive strength
a2
s2= The-yo) _41039 _ og4,
N-1 14
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2 _  X(ym-3ym)® _546.076 _
Sm = = =39.00
N-1 14
_ S48
F calculated — 5,2
2

Where S,? is the greater of S;2 and S,,%, while S,? is the smaller of the two.
HereS,*=S,2=39.00 and S,%=S.”=29.32

39.00

Fealculated = 2932 =1.330
The model is acceptable at 95% confidence level if:

sk p
Faviva) 5,2 «(V1,V2)
Where

Significant level, « =1-0.95 = 0.05

Degree of freedom, V = N-1 =15-1=14

From standard F-statistic table, Fyy1 2y = 2.443 and.
1 - —04093

Fewiyz) 2443

512

Hence the condition: ——— < —7 < Fuwiyz Whichis0.4093< 1.330 < 2.443 is satisfied.
Fewivz) 52 ’

Therefore, the null hypothesis that “there is no significant difference between the experimental and the model
expected result” is accepted. This implies that Osadebe’s Regression Model is adequate.

IV.  Conclusion
Using Osadebe’s second degree polynomial regression equation, mix design model for a five
component Pulverised Fuel Ash- cement concrete cube was developed. This model could predict the
compressive strength of PFA-Cement concrete cube when the mix ratios are known and vice versa. The
predictions from this model were tested at 95% accuracy level using statistical Fischer test and found to be
adequate.
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