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ABSTRACT: 

This paper  deals  with the methodology, related to application of mathematical model for reuse 

of  partially set old concrete by adding fresh concrete to form serviceable mix by considering 

their time lags and  blend ratios. As Compared to the strength of the freshly prepared concretes 

the preset concrete obviously gives the reduction in strength. This reduction is further possible 

to be minimized to a certain extent on blending some quantity of a relatively fresh mix to the 

existing quantity of the preset mix. 

In the statistical methods of concrete mix design in civil engineering the most frequently used models 

are Scheffe’s and Osadebe’s models, which are quite suitable for concrete mix optimization but are 

greatly limited as a predetermined number of experiments must be carried out in order to formulate 

them and they can only be applied for mix ratios that fall within the predetermined observation points. 

Ibearugbulem’s regression model has been  formulated  as  a  new  model  to  take  care  of  these 

inherent  problems  in  Scheffe’s  and  Osadebe’s.  Some modifications were made to obtain the new 

model.  This new model has been tested on concrete cubes for different mix ratios for 28 days 

compressive strengths. The Fisher f-test shows  that the values  of  compressive  cube  strength 

predicted  by  the  new  regression  model  are  very  close  to  those  from  the experiment strength 

values,  with  f-value  of  3.44  at  95%  confidence  level.  Hence this new model of regression is 

useful in concrete mix design. 

Keywords: Statistical technique Response function,Optimization, Ibearugbulem’s, 
Scheffe’s,Osadebe’s model. 

�



�

�

�

I.INTRODUCTION:

1.1 MODELLINGS 

The regression model was used to make inferences about concrete mix through the use of 
experimental design in other words experimental design as a statistical technique was adopted and 
used in detail. (Simon et al. 1997). The basic purpose of the experiment is to generate a model which 
is able by another statistical technique, regression analysis. This is to bring about process 
optimization(Ahmad & Alghamdi, 2014), for predicting concrete compressive strengths for different 
concrete mix proportions, adopted for a model possessing  a fixed degree of accuracy. 

1.2 Polynomial Response Function 

Osadebe and Ibearugbulem (State, 2013) quoted that the response function F(B) is given as 

F(B)= � Fm(B0) (Bi -B0)m

-----(1)   m! 
0 �m�� 

Since � Fm (B0) is the derivative of the function F(B0) to m degree, equation (1) can be written as in
equation (2) 

F(B)= � dm F(B0) (Bi -B0)m

-----(2)    dB0
m   m! 

0 �m��,   2 �m�� The number of terms in equation (2) is dependent on the degree of the 

polynomial, m and the number of independent variables, i. Consider m equal to 1,then equation (2) 

can be written as shown  in equation (3) 

F(B)= � d0 F (B0
0) (Bi-B0)0 + � dF(B0

0) (Bi-B0)0 

-----(3)    dB0
0   0!          dB0    1! 

0 �m��,   2 �m��,   If m=2, then equation (3) can be written as shown in equation (4) 

F(B)= � d0F(B0
0) (Bi-B0)0 + � dF(B0

0) (Bi-B0)0 + � d2F (B0
0) (Bi-B0)2 + � d2F(B0

0) (Bi-B0)( Bi-Bj) ---(4) 
   dB0

0   0!     dB0     1!     dB0
2      2!    dB0

2   2! 

It is assumed that the origin is Bo, which is equal to zero. Since the products and quotients of 
constants are themselves constants, this equation can be written as shown in equation (5) 

F(B)= � bm.Bi
m -----------(5) 

0 �m��,   2 �m�� 

It can be seen from equation (5) that, 

For m=0,   bm =b-------- (6) 

For m=1,    bm =b1------- (7) 

For m=2,    bm =bii (for Bi
2) -------- (8) 

bm =bij (for BiBj) ------ (9) 

�



�

�

�

For m=3,    bm =biii (for Bi
3) ------- (10) 

bm = bijk (for BiBjBk) ---(11) 

bm =biij (for Bi
2Bj) ------ (12) 

bm=bijj (forBiBj
2) ------ (13) 

bm=biik(for Bi
2 Bk) ------ (14) 

bm=bikk(for BiBk
2) ------ (15) 

bm =bjjk(for Bj
2)Bk) ------ (16) 

bm =bjkk (for BjBk
2) ------ (17) 

Equation (5) can be written as shown in equation (18) 

F (B) =b0+ � bm.Bi
m   ------------------------------------- (18) 

1�m��,   2 �m�� 

For i=n, 1�m�n----------------------------------------- (19) 

The implication of equation (19) is that the maximum degree of polynomial that can be is used is 
equal to the number of independent variables, i. 

1.3 Boundary Conditions 

Both Scheffe  and Osadebe and Ibearugbulem  (S.O.OBAM, 2006) restricted the summation of the 

independent variables to unity. That is  

�B�=1       ---------------------------- (20) 

Scheffe (1958) also restricted the value of each arbitrary independent variable to be between zero 
and one. That is 

0 �m�1------------------------------------ (21) 

1.4 Ibearugbulem’s Regression Model  

Multiplying equation (20) by bo gives equation (22) 

bo= � bo Bi -------------------------------- (22)     

Multiplying equation (20) by Bi and rearranging the terms gives equation (23)    

Bi
2=Bi-B1Bi-B2Bi----- -BiBn ------------- (23) 

Multiplying equation (20) by Bi
r  

Bi
r+1=Bi 

r-B1Bi
 r-B2Bi

r----- -Bi
rBn -------- (24)
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Taking the highest degree of the polynomial and substituting equation (22) and (24) into equation 

(18) and factorizing, making sure that every term has no independent variable of more than one

degree will yield equation (25), which is the new Ibearugbulem’s  regression model. 

F (B) = �xiBi + �xijBi
 Bj   + �xijkBiBjBk +---+ �xijk---�BiBjBk---� --------- (25) 

1�i��, 1�i�j ��, 1�i�j �k��------, 1�i�j �k�------� 

The relationship of number of variables and its function    is represented in table 6.55 

Table 1: Relationship of Number of Variables and its function 

No. of variables (i) Function =F(B) Equation  

2 x1 B1 + x2 B2 + x12 B1B2 (26) 

4 x1 B1 + x2 B2 + x3 B3 + x4 B4 + x12 B1 B2 +x13 B1B3 +x14 B1 B4 +x23 B2 B3 +x24 B2 B4 
+x34 B3B4+ x123 B1B2B3+ x124 B1 B2B4 + x134 B1B3B4 + x234B2 B3 B4 + x1234 B1B2B3B4 

(27)�

6 
x1B1+ x2 B2 + x3 B3 + x4 B4 +x5B5+x6B6+ x12B1B2+ x13B1B3+ x1x4B1B4+ x15B1B5 
+x16B1B6+x23B2B3+x24B2B4+x25B2B5+x26B2B6+x34B3B4+x35B3B5+x36B3B6+x45B4B5+
x46B4B6 

+x56B5B6+x123B1B2B3+x124B1B2B4+x125B1B2B5+x126B1B2B6+x134B1B3B4+x135B1B3B5

+x136B1B3B6+x145B1B4B5+x146B1B4B6+x156B1B5B6+x234B2B3B4+x235B2B3B5+x236B2B
3B6+x245B2B4B5 

+x246B2B4B6+x256B2B5B6+x345B3B4B5+x346B3B4B6+x356B3B5B6+x456B4B5B6+x1234B1

B2B3B4 

+x1235B1B2B3B5+x1236B1B2B3B6+x1245B1B2B4B5+x1246B1B2B4B6+x1256B1B2B5B6+x1345

B1B3B4B5 

+x1346B1B3B4B6+x1356B1B3B5B6+x1456B1B4B5B6+x2345B2B3B4B5+x2346B2B3B4B6+x2356

B2B3B5B6+x2456B2B4B5B6+x3456B3B4B5B6+x12345B1B2B3B4B5+x12346B1B2B3B4B6+x123

56B1B2B3B5B6 

+x12456B1B2B4B5BB6+x13456B1B3B4B5B6+x23456B2B3B4B5B6+x123456B1B2B3B4B5B6

(28)�

1.5 Model Equation 

For concrete of six components, 1 � i � 6, if the total quantity of concrete is designated s, then 

�si = S 

That is to say, �1+�2+�3+ �4+ �5+ �6= S -------------------   (29)  

If the total quantity of concrete required here is a unit quantity then it will be wise to divide 
equation (29) through by s. Hence,  

�1/�+ �2/�+�3/�+�4/�+ �5/ � + �6 / � =�/�     ------------------ (30)

So that B1+B2+B3+B4+B5+B6 = 1 ---------------------------- (31)
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Table 3: Mixes for Formulation of Model 

S/N E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 

Water 0.45 0.55 0.65 0.70 0.45 0.55 0.65 0.70 0.45 0.55 0.65 0.70 

Cement 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

F.A. 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.95 1.95 1.95 2.00 

C.A 1.75 1.75 1.75 1.75 1.95 1.95 1.95 1.95 2.55 2.55 2.55 2.50 

Blend 
ratio 

0.33 0.33 0.33 0.33 1.00 1.00 1.00 1.00 1.50 1.50 1.50 1.50 

Time 
lag 

0.75 0.75 0.75 0.75 1.50 1.50 1.50 1.50 2.25 2.25 2.25 2.25 

Table 4: Control Mixes 

S/N C1 C2 C3 C4 C5 C6 C7 C8 C9 

Water 0.575 0.5 0.6 0.575 0.5 0.6 0.575 0.5 0.6

Cement 1 1 1 1 1 1 1 1 1

F.A. 1.45 1.45 1.45 1.45 1.45 1.45 1.95 1.95 1.95 

C.A 1.75 1.75 1.75 2.05 2.05 2.05 2.55 2.55 2.55 

Blend 
ratio 

0.33 0.33 0.33 1.00 1 1 1.5 1.5 1.5

Time lag 0.75 0.75 0.75 0.75 1.50 1.50 1.50 1.50 2.25

The  materials    used are   water,  cement,  sand,  and  gravel;  but  the  components  of  the 

mix are  water(S1), cement(S2), F.A(S3),C.A.(S4) blend ratio( S5) and  time lag (S6)  for the 

purpose of delay in placing the concrete  after casting (Kayes, 2016).The total component  

S = S1 + S2 + S3 +S4+S5+S6  and  Bi = Si / S. Table 5A,5B , 5C and 5D shows values of S 
and B, while table 4 shows the B-matrix for the concrete mixes. The  blend ratio and time 
lag especially considered for partially set concrete .The strength of which can be enhanced 
by tempering and can be predicted by neural analysis (Kasperkiewicz & Dubrawskp, 1996) 
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The laboratory (experimental) strengths are represented in table 6.67 

Table 8: Laboratory compressive strength 

S/N E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 
Ylab  
(=  
Yp-
N/m2) 

29.89 31.56 33.33 25.78 28.44 27.44 24.22 26.22 26.44 18.44 22.67 25 

The table 6.68 is formed by utilizing the values of Bi from table 6.65 and laboratory compressive strength 
shown in table 6.67; [F (B).B] is calculated as follows  

Table 9: Values of �Bi F(Bi) 

�B1F(B)=25.77 �B2B4F(B)=12.27 �B1B2B6F(B)=0.60 �B2B5B6F(B)=0.85 �B1B3B4B6F(B)=0.26

�B2F(B)=44.18 �B2B5F(B)=4.49 �B1B3B4F(B)=1.58 �B3B4B5F(B)=1.94 �B1B3B5B6F(B)=0.102

�B3F(B)=68.89 �B2B6F(B)=7.63 �B1B3B5F(B)=0.54 �B3B4B6F(B)=3.3 �B1B4B5B6F(B)=0.132

�B4F(B)=87.562 �B3B4F(B)=19.03 �B1B3B6F(B)=0.94 �B3B5B6F(B)=1.41 �B2B3B4B5F(B)=0.25

�B5F(B)=35.11 �B3B5F(B)=7.25 �B1B4B5F(B)=0.703 �B4B5B6F(B)=1.83 �B2B3B4B6F(B)=0.449

�B6F(B)=57.90 �B3B6F(B)=12.17 �B1B4B6F(B)=1.2 �B1B2B3B4F(B)=0.23 �B2B3B5B6F(B)=0.176

�B1B2F(B)=3.7 �B4B5F(B)=9.37 �B1B5B6F(B)=0.49 �B1B2B3B5F(B)=0.073 �B2B4B5B6F(B)=0.228

�B1B3F(B)=5.65 �B4B6F(B)=15.62 �B2B3B4F(B)=2.72 �B1B2B3B6F(B)=0.132 �B3B4B5B6F(B)=0.37

�B1B4F(B)=7.13 �B5B6F(B)=6.94 �B2B3B5F(B)=0.94 �B1B2B4B5F(B)=0.094 �B1B2B3B4B5F(B)=0.02

�B1B5F(B)=2.61 �B1B2B3F(B)=0.082 �B2B3B6F(B)=1.63 �B1B2B4B6F(B)=0.167 �B1B2B3B4B6F(B)=0.036  

�B1B6F(B)=4.44 � B1B2B4F(B)=1.03 �B2B4B5F(B)=1.21 �B1B2B5B6F(B)=0.063 �B1B2B3B5B6F(B)=0.013  

�B2B3F(B)=9.71 �B1B2B5F(B)=0.34 �B2B4B6F(B)=2.08 �B1B3B4B5F(B)=0.148 �B1B2B4B5B6F(B)=0.017  
�B1B3B4B5B6F(B) 
=0.027 
�B2B3B4B5B6F(B) 
=0.0471 
�B1B2B3B4B5B6F(B) 
=0.0035 

Putting   [F (B).B] and [AA]-1, in equation 13, the coefficients [xi] of the model as shown in table 10 
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Table 10: Coefficient of Model 

    AA INVERSE × �B1 F(B) = x 

x1= x2= x3= x4= x5= x6= x12= x13= x14= 
0.0928 0.12347 -0.18583 -13.4048 -0.01109 0.00955 -0.3457 -0.53469 0.00481

x15= x16= x23= x24= x25= x26= x34= x35= x36= 

-3.10899 -0.05252 0.68937 0.1842 1877.98 -0.00055 4.75E-05 1.057153 0.000099 

x45= x46= x56= x123= x124= x125= x126= x134= x135= 
2.40E-05 1.643218 -0.01374 7.128595 4.763646 0.000348 -0.04971 0.045062 4.769351 

x136= x145= x146= x156= x234= x235= x236= x245= x246= 
-1.50978763 -5.02513 -3.46252 -0.00136 6754.377 10.43622 -0.00606 -1.63699 2.53588 

x256= x345= x346= x356= x456= x1234= x1235= x1236= x1245= 

146585.67 -16.2957 -3405.16 0.796477 9726.755 -6347.3 -189.684 -67978.9 265439 
x1246= 

-74.1936
x1256= 

-384278
x1345= 

-1056.77
x1346= 

24.39334 
x1356= 

24.39334 
x1456=- 

0.001012 
x2345=- 

16.35083 
x2346= 

869.8859 
x2356= 

605040.8 

x2456= x3456= x12345= x12346= x12356= x12456= x13456= x23456= x123456= 

-557135.29 -28248.7 0.52006 1910.54 -309064 -910.191 -1.07179 -0.77011 605040.8 

Y1=0.0928B1+ 0.12347B2-0.18583B3-13.4048B4-0.01109B5+0.00955B6-0.3457B1B2-
0.53469B1B3+0.00481B1B4-3.10899B1B5-0.05252B1B6+0.68937B2B3+0.1842B2B4+1877.98B2B5-
0.00055B2B6+4.75E-05B3B4+1.057153B3B5+0.000099B3B6+2.40E-05B4B5+1.643218B4B6-
0.01374B5B6+7.128595B1B2B3+4.763646B1B2B4+0.000348B1B2B5-
0.04971B1B2B6+0.045062B1B3B4+4.769351B1B3B5--1.50979B1B3B6-5.02513B1B4B5-
3.46252B1B4B6-0.00136B1B5B6+6754.377B2B3B4+10.43622B2B3B5-0.00606B2B3B6-
1.63699B2B4B5+2.53588B2B4B6+146585.7B2B5B6-16.2957B3B4B5-
3405.16B3B4B6+0.796477B3B5B6+9726.755B4B5B6-6347.3B1B2B3B4-189.684B1B2B3B5-
67978.9B1B2B3B6+265439B1B2B4B5-74.1936B1B2B4B6-384278B1B2B5B6-
1056.77B1B3B4B5+24.39334B1B3B4B6+24.39334B1B3B5B6-0.001012B1B4B5B6-
16.35083B2B3B4B5+869.8859B2B3B4B6+605040.8B2B3B5B6—557135B2B4B5B6-
28248.7B3B4B5B6+0.520066B1B2B3B4B5+1910.54B1B2B3B4B6—309064B1B2B3B5B6-
910.191B1B2B4B5B6-1.07179B1B3B4B5B6-0.77011B2B3B4B5B6+605040.8B1B2B3B4B5B6 

Recalling the coefficients xi, the mix ratios of table 7, the compressive strength predicted by model 
calculated as shown in table 8, along with their laboratory equivalent   used in model formulation for 12 
trial concrete mixes ,  and using the  relationship  xi × [AA] =YModel ,table 11A and 11B is formulated  as 
below  
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Table 11 A: Calculation of predicted values of model for first 1-55 Variables  
 xi E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 
1 0.0928 0.079 0.094 0.110 0.117 0.061 0.074 0.086 0.092 0.046 0.056 0.066 0.070 
2 0.1235 0.175 0.172 0.169 0.167 0.136 0.134 0.132 0.132 0.103 0.102 0.101 0.101 
3 -0.1858 0.253 0.249 0.245 0.242 0.197 0.195 0.192 0.191 0.201 0.199 0.197 0.201 
4 -13.404 0.305 0.300 0.295 0.293 0.265 0.262 0.258 0.257 0.263 0.260 0.258 0.251 
5 -0.0111 0.058 0.057 0.056 0.055 0.136 0.134 0.132 0.132 0.155 0.153 0.152 0.151 
6 0.0096 0.131 0.129 0.126 0.125 0.204 0.201 0.199 0.197 0.232 0.230 0.227 0.226 
7 -0.3457 0.014 0.016 0.018 0.020 0.008 0.010 0.011 0.012 0.005 0.006 0.007 0.007 
8 -0.5347 0.020 0.023 0.027 0.028 0.012 0.014 0.017 0.018 0.009 0.011 0.013 0.014 
9 0.0048 0.024 0.028 0.032 0.034 0.016 0.019 0.022 0.024 0.012 0.015 0.017 0.018 

10 -3.109 0.005 0.005 0.006 0.006 0.008 0.010 0.011 0.012 0.007 0.009 0.010 0.011 
11 -0.0525 0.010 0.012 0.014 0.015 0.012 0.015 0.017 0.018 0.011 0.013 0.015 0.016 
12 -0.6894 0.044 0.043 0.041 0.041 0.027 0.026 0.025 0.025 0.021 0.020 0.020 0.020 
13 0.1843 0.053 0.051 0.050 0.049 0.036 0.035 0.034 0.034 0.027 0.027 0.026 0.025 
14 1877.98 0.010 0.010 0.009 0.009 0.019 0.018 0.018 0.017 0.016 0.016 0.015 0.015 
15 -0.0006 0.023 0.022 0.021 0.021 0.028 0.027 0.026 0.026 0.024 0.023 0.023 0.023 
16 4.7E-05 0.077 0.075 0.072 0.071 0.052 0.051 0.050 0.049 0.053 0.052 0.051 0.051 
17 1.057 0.015 0.014 0.014 0.013 0.027 0.026 0.025 0.025 0.031 0.030 0.030 0.030 
18 9.9E-05 0.033 0.032 0.031 0.030 0.040 0.039 0.038 0.038 0.047 0.046 0.045 0.045 
19 2.4E-05 0.018 0.017 0.016 0.016 0.036 0.035 0.034 0.034 0.041 0.040 0.039 0.038 
20 1.643 0.040 0.039 0.037 0.037 0.054 0.053 0.051 0.051 0.061 0.060 0.059 0.057 
21 -0.014 0.008 0.007 0.007 0.007 0.028 0.027 0.026 0.026 0.036 0.035 0.034 0.034 
22 7.129 0.003 0.004 0.005 0.005 0.002 0.002 0.002 0.002 0.001 0.001 0.001 0.001 
23 4.764 0.004 0.005 0.005 0.006 0.002 0.003 0.003 0.003 0.001 0.001 0.002 0.002 
24 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.001 0.001 0.001 0.001 
25 -0.050 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.001 0.001 0.002 0.002 
26 0.045 0.006 0.007 0.008 0.008 0.003 0.004 0.004 0.005 0.002 0.003 0.003 0.004 
27 4.769 0.001 0.001 0.001 0.002 0.002 0.002 0.002 0.002 0.001 0.002 0.002 0.002 
28 -1.510 0.003 0.003 0.003 0.004 0.002 0.003 0.003 0.003 0.002 0.003 0.003 0.003 
29 -5.025 0.001 0.002 0.002 0.002 0.002 0.003 0.003 0.003 0.002 0.002 0.003 0.003 
30 -3.463 0.003 0.004 0.004 0.004 0.003 0.004 0.004 0.005 0.003 0.003 0.004 0.004 
31 -0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 
32 6754.3 0.013 0.013 0.012 0.012 0.007 0.007 0.007 0.006 0.005 0.005 0.005 0.005 
33 10.43 0.0025 0.0024 0.0023 0.0022 0.0037 0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0030 
34 -0.00605 0.0058 0.0055 0.0052 0.0051 0.0055 0.0053 0.0051 0.0050 0.0048 0.0047 0.0045 0.0046 
35 -1.63 0.0031 0.0029 0.0028 0.0027 0.0049 0.0047 0.0045 0.0044 0.0042 0.0041 0.0039 0.0038 
36 2.5358 0.0070 0.0066 0.0063 0.0061 0.0074 0.0071 0.0068 0.0067 0.0063 0.0061 0.0059 0.0057 
37 146585 0.0013 0.0012 0.0012 0.0012 0.0038 0.0036 0.0035 0.0034 0.0037 0.0036 0.0035 0.0034 
38 -16.295 0.0045 0.0042 0.0040 0.0039 0.0071 0.0068 0.0066 0.0064 0.0082 0.0079 0.0077 0.0076 
39 -3405.15 0.0101 0.0096 0.0091 0.0089 0.0107 0.0103 0.0099 0.0097 0.0123 0.0119 0.0115 0.0114 
40 0.7964 0.0019 0.0018 0.0017 0.0017 0.0055 0.0053 0.0051 0.0050 0.0072 0.0070 0.0068 0.0069 
41 9726.755 0.0023 0.0022 0.0021 0.0020 0.0074 0.0071 0.0068 0.0067 0.0094 0.0091 0.0089 0.0086 
42 -6347.3 0.0011 0.0012 0.0013 0.0014 0.0004 0.0005 0.0006 0.0006 0.0003 0.0003 0.0003 0.0004 
43 -189.68 0.0002 0.0002 0.0003 0.0003 0.0002 0.0003 0.0003 0.0003 0.0001 0.0002 0.0002 0.0002 
44 -67978 0.0005 0.0005 0.0006 0.0006 0.0003 0.0004 0.0004 0.0005 0.0002 0.0003 0.0003 0.0003 
45 265439 0.0002 0.0003 0.0003 0.0003 0.0003 0.0003 0.0004 0.0004 0.0002 0.0002 0.0003 0.0003 
46 -74.19 0.0005 0.0006 0.0007 0.0007 0.0005 0.0005 0.0006 0.0006 0.0003 0.0003 0.0004 0.0004 
47 -38427 0.0001 0.0001 0.0001 0.0001 0.0002 0.0003 0.0003 0.0003 0.0002 0.0002 0.0002 0.0002 
48 -1056.7 0.0004 0.0004 0.0004 0.0005 0.0004 0.0005 0.0006 0.0006 0.0004 0.0004 0.0005 0.0005 
49 2.751 0.0008 0.0009 0.0010 0.0010 0.0007 0.0008 0.0008 0.0009 0.0006 0.0007 0.0008 0.0008 
50 24.393 0.0002 0.0002 0.0002 0.0002 0.0003 0.0004 0.0004 0.0005 0.0003 0.0004 0.0004 0.0005 
51 0.00101 0.0002 0.0002 0.0002 0.0002 0.0005 0.0005 0.0006 0.0006 0.0004 0.0005 0.0006 0.0006 
52 16.35 0.0008 0.0007 0.0007 0.0007 0.0010 0.0009 0.0009 0.0008 0.0008 0.0008 0.0008 0.0008 
53 869.88 0.0018 0.0016 0.0015 0.0015 0.0015 0.0014 0.0013 0.0013 0.0013 0.0012 0.0012 0.0011 
54 0.148 0.0003 0.0003 0.0003 0.0003 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 
55 -557135 0.0004 0.0004 0.0004 0.0003 0.0010 0.0010 0.0009 0.0009 0.0010 0.0009 0.0009 0.0009 
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Table 11 B: Calculation of predicted values of model for 56-63 
xi E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 

56 -28248.7 0.00058 0.00054 0.00051 0.00049 0.00145 0.00138 0.00131 0.00127 0.00190 0.00182 0.00175 0.00172 
57 0.52 0.00006 0.00007 0.00007 0.00008 0.00006 0.00007 0.00008 0.00008 0.00004 0.00005 0.00005 0.00005 
58 1910.5 0.00014 0.00016 0.00017 0.00017 0.00009 0.00010 0.00011 0.00012 0.00006 0.00007 0.00008 0.00008 
59 -309063 0.00003 0.00003 0.00003 0.00003 0.00005 0.00005 0.00006 0.00006 0.00003 0.00004 0.00005 0.00005 
60 -910.19 0.00003 0.00004 0.00004 0.00004 0.00006 0.00007 0.00008 0.00008 0.00005 0.00005 0.00006 0.00006 
61 -1.071 0.00005 0.00005 0.00006 0.00006 0.00009 0.00010 0.00011 0.00012 0.00009 0.00010 0.00012 0.00012 
62 -0.77 0.00010 0.00009 0.00009 0.00008 0.00020 0.00019 0.00017 0.00017 0.00020 0.00019 0.00018 0.00017 
63 605040.7 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00002 0.00002 0.00001 0.00001 0.00001 0.00001 

Predicted 
Strength 31.17 30.43 29.67 29.29 28.35 27.02 25.77 25.18 24.57 22.47 20.52 24.98 

Recalling the coefficients xi, the mix ratios of table 10, the compressive strength predicted by model 
calculated as shown in table 11, along with their laboratory  equivalent   used in model formulation for 9 
control   concrete mixes ,  and using the  relationship  xi × [AA]=YModel ,table 12A and 12B is formulated  
as below . 

Table 12 A: Calculation of predicted values of model for control specimens for 1-34 Variables 

 xi E1 E2 E3 E4 E5 E6 E7 E8 E9 
1 0.0928 0.098 0.087 0.102 0.077 0.068 0.080 0.062 0.054 0.064 
2 0.1235 0.171 0.173 0.170 0.134 0.135 0.133 0.107 0.108 0.107 
3 -0.1858 0.248 0.251 0.247 0.194 0.196 0.193 0.155 0.157 0.155 
4 -13.404 0.299 0.303 0.298 0.261 0.264 0.260 0.273 0.276 0.273 
5 -0.0111 0.056 0.057 0.056 0.134 0.135 0.133 0.161 0.162 0.160 
6 0.0096 0.128 0.130 0.128 0.201 0.203 0.200 0.241 0.243 0.241 
7 -0.3457 0.017 0.015 0.017 0.010 0.009 0.011 0.007 0.006 0.007 
8 -0.5347 0.024 0.022 0.025 0.015 0.013 0.015 0.010 0.008 0.010 
9 0.0048 0.029 0.026 0.030 0.020 0.018 0.021 0.017 0.015 0.018 

10 -3.109 0.006 0.005 0.006 0.010 0.009 0.011 0.010 0.009 0.010 
11 -0.0525 0.013 0.011 0.013 0.015 0.014 0.016 0.015 0.013 0.015 
12 -0.6894 0.042 0.043 0.042 0.026 0.026 0.026 0.017 0.017 0.017 
13 0.1843 0.051 0.052 0.051 0.035 0.036 0.035 0.029 0.030 0.029 
14 1877.98 0.010 0.010 0.010 0.018 0.018 0.018 0.017 0.018 0.017 
15 -0.0006 0.022 0.022 0.022 0.027 0.027 0.027 0.026 0.026 0.026 
16 4.7E-05 0.074 0.076 0.073 0.051 0.052 0.050 0.043 0.043 0.042 
17 1.057 0.014 0.014 0.014 0.026 0.026 0.026 0.025 0.025 0.025 
18 9.9E-05 0.032 0.033 0.031 0.039 0.040 0.039 0.038 0.038 0.037 
19 2.4E-05 0.017 0.017 0.017 0.035 0.036 0.035 0.044 0.045 0.044 
20 1.643 0.038 0.039 0.038 0.052 0.053 0.052 0.066 0.067 0.066 
21 -0.014 0.007 0.007 0.007 0.027 0.027 0.027 0.039 0.039 0.039 
22 7.129 0.004 0.004 0.004 0.002 0.002 0.002 0.001 0.001 0.001 
23 4.764 0.005 0.005 0.005 0.003 0.002 0.003 0.002 0.002 0.002 
24 0.0001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
25 -0.050 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.001 0.002 
26 0.045 0.007 0.007 0.007 0.004 0.003 0.004 0.003 0.002 0.003 
27 4.769 0.001 0.001 0.001 0.002 0.002 0.002 0.002 0.001 0.002 
28 -1.510 0.003 0.003 0.003 0.003 0.003 0.003 0.002 0.002 0.002 
29 -5.025 0.002 0.001 0.002 0.003 0.002 0.003 0.003 0.002 0.003 
30 -3.463 0.004 0.003 0.004 0.004 0.004 0.004 0.004 0.004 0.004 
31 -0.001 0.001 0.001 0.001 0.002 0.002 0.002 0.002 0.002 0.002 
32 6754.3 0.013 0.013 0.012 0.007 0.007 0.007 0.005 0.005 0.005 
33 10.43 0.002 0.002 0.002 0.003 0.004 0.003 0.003 0.003 0.003 
34 -0.00605 0.005 0.006 0.005 0.005 0.005 0.005 0.004 0.004 0.004 
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Table 12 B: Calculation of predicted values of model for control specimens for 35-63 Variables 

 xi E1 E2 E3 E4 E5 E6 E7 E8 E9 
35 -1.63 0.00288 0.00299 0.00284 0.00467 0.00481 0.00462 0.00472 0.00483 0.00468 
36 2.5358 0.00654 0.00680 0.00646 0.00700 0.00722 0.00693 0.00708 0.00725 0.00702 
37 146585 0.00123 0.00128 0.00122 0.00359 0.00370 0.00356 0.00416 0.00426 0.00413 
38 -16.295 0.00417 0.00434 0.00412 0.00677 0.00698 0.00670 0.00684 0.00701 0.00679 
39 -3405.15 0.00948 0.00986 0.00936 0.01015 0.01047 0.01005 0.01026 0.01051 0.01018 
40 0.7964 0.00179 0.00186 0.00177 0.00521 0.00537 0.00516 0.00604 0.00618 0.00599 
41 9726.755 0.00216 0.00224 0.00213 0.00700 0.00722 0.00693 0.01061 0.01087 0.01053 
42 -6347.3 0.00124 0.00114 0.00127 0.00052 0.00047 0.00054 0.00028 0.00025 0.00029 
43 -189.68 0.00023 0.00021 0.00024 0.00027 0.00024 0.00027 0.00017 0.00015 0.00017 
44 -67978 0.00053 0.00049 0.00055 0.00040 0.00036 0.00041 0.00025 0.00022 0.00026 
45 265439 0.00028 0.00026 0.00029 0.00036 0.00033 0.00037 0.00029 0.00026 0.00030 
46 -74.19 0.00064 0.00059 0.00066 0.00054 0.00049 0.00055 0.00044 0.00039 0.00045 
47 -38427 0.00012 0.00011 0.00012 0.00028 0.00025 0.00028 0.00026 0.00023 0.00026 
48 -1056.7 0.00041 0.00038 0.00042 0.00052 0.00047 0.00054 0.00042 0.00038 0.00044 
49 2.751 0.00093 0.00085 0.00096 0.00078 0.00071 0.00080 0.00063 0.00057 0.00065 
50 24.393 0.00018 0.00016 0.00018 0.00040 0.00036 0.00041 0.00037 0.00033 0.00038 
51 0.00101 0.00021 0.00019 0.00022 0.00054 0.00049 0.00055 0.00065 0.00059 0.00068 
52 16.35 0.00071 0.00075 0.00070 0.00091 0.00094 0.00089 0.00073 0.00076 0.00073 
53 869.88 0.00162 0.00171 0.00159 0.00136 0.00141 0.00134 0.00110 0.00114 0.00109 
54 0.148 0.00031 0.00032 0.00030 0.00070 0.00073 0.00069 0.00065 0.00067 0.00064 
55 -557135 0.00037 0.00039 0.00036 0.00094 0.00098 0.00092 0.00114 0.00118 0.00113 

56 -28248.7 0.00053 0.00056 0.00053 0.00136 0.00141 0.00134 0.00165 0.00170 0.00163 
57 0.52 0.00007 0.00006 0.00007 0.00007 0.00006 0.00007 0.00005 0.00004 0.00005 
58 1910.5 0.00016 0.00015 0.00016 0.00010 0.00010 0.00011 0.00007 0.00006 0.00007 
59 -309063 0.00003 0.00003 0.00003 0.00005 0.00005 0.00005 0.00004 0.00004 0.00004 
60 -910.19 0.00004 0.00003 0.00004 0.00007 0.00007 0.00007 0.00007 0.00006 0.00007 
61 -1.071 0.00005 0.00005 0.00005 0.00010 0.00010 0.00011 0.00010 0.00009 0.00010 
62 -0.77 0.00009 0.00010 0.00009 0.00018 0.00019 0.00018 0.00018 0.00018 0.00017 
63 605040.7 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 

Predicted 
Strength 30.24 30.80 30.05 26.70 27.67 26.38 11.94 12.24 11.85 

The  laboratory strength values obtained from  actual experiments  and model  predicted strength values 

for trial and control concrete  specimens   is shown in table 13 Fisher F- test is adapted  on the 
compressive strength from the model using the nine control specimen  strength values. 

Table 13: Compressive Strength from Laboratory and Model 

Model formulation mixes 
S/N E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 

Ylab  (=  Yp-
N/m2) 

29.89 31.56 33.33 25.78 28.44 27.44 24.22 26.22 26.44 18.44 22.67 25 

YModel(N/m2) 31.17 30.42 29.67 29.29 28.35 27.01 25.77 25.179 24.57 22.474 20.51 24.9 

Control Mixes 
S/N C1 C2 C3 C4 C5 C6 C7 C8 C9 

Ylab  (=  Yp-
N/m2) 29.5 28.5 27.9 27 26.7 27 14.5 14.1 13.95 

YModel(N/m2) 30.23 30.8 30.05 26.69 27.67 26.38 11.94 12.23 11.84 
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The relationship   of lab strength vs. model strength for model formulation mixes is shown in 
figure 1  and figure 2 indicates the variation of lab strength and predicted model strength for 
control mixes. 

Graph 1: Representation of Lab Strength Vs Model Strength for Model formulation mixes 

Graph 2: Representation of Lab Strength Vs Model Strength for Control Mixes 
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Table 14: Fisher F- tests on the compressive strength from the model using the nine control 
specimens. 

S/N C1 C2 C3 C4 C5 C6 C7 C8 C9 Total
YLab  
 (=  Yp-
N/mm2) 29.5 28.5 27.9 27 26.7 27 14.5 14.10 13.95 209.15 23.23 

Mean(ÿP) 
=�YP / N 

YModel 

(N/mm2) 30.23 30.80 30.05 26.69 27.67 26.38 11.943 12.23 11.84 207.87 22.71 
Mean(ÿM) 
=�YM /N 

YP - Ÿp 6.26 5.261 4.66 3.76 3.46 3.76 -8.739 -9.139 -9.289

YM - ÿM -16.45 -17.45 7.33 3.98 4.96 3.67 
-
10.770 -10.47 -10.86

(YP - Ÿp)2 0.60 27.67 21.7 14.14 11.97 14.14 76.368 83.51 86.28 336.45 42.05 
SP1=�(YM - 
ŸM)2/(N-1) 

(YM - ÿM)2 26.07 304.58 53.8 15.88 24.61 13.47 115.9 109.72 118.07 782.25 97.78 
SP2=�(YP - 
Ÿp)2/(N-1) 

Mean(ÿP)= 
�YP / N 23.23 
Mean(ÿM)= 
�YM /N 22.71 
SP1=�(YP -
Ÿp)2/(N-1) 42.05 
SP2=�(YM -
ŸM)2/(N-1) 97.78
S1

2/S2
2= 

42.05/97.78 
= 
0.43 

From 
statistic 
tables p�=0.05(8,8) F=3.44 1/F= 0.2906
Thus, the 
condition  

   (1/f) <S1
2/S2

2 <  F 

   0.2906<0.43 <3.44 

  1/f <S12/S22<F   has been satisfied. Therefore, the difference between lab result and model result is not significant 


�



�

�

�

Table 15: S and Z Values for twelve concrete specimens 

Water (S1) 0.45 0.55 0.65 0.7 0.45 0.55 0.65 0.7 0.45 0.55 0.65 0.7 

(Cement)S2 1 1 1 1 1 1 1 1 1 1 1 1

(F.A.)S3 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.95 1.95 1.95 2 

(C.A)S4 1.75 1.75 1.75 1.75 1.95 1.95 1.95 1.95 2.55 2.55 2.55 2.5 

( r)S5 0.33 0.33 0.33 0.33 1 1 1 1 1.5 1.5 1.5 1.5

(t) S6 0.75 0.75 0.75 0.75 1.5 1.5 1.5 1.5 2.25 2.25 2.25 2.25

(Total) S 5.73 5.83 5.93 5.98 7.35 7.45 7.55 7.6 9.7 9.8 9.9 9.95 

Z1 0.0785 0.0943 0.1096 0.1171 0.0612 0.0738 0.0861 0.0921 0.0464 0.0561 0.0657 0.0704 

Z2 0.1745 0.1715 0.1686 0.1672 0.1361 0.1342 0.1325 0.1316 0.1031 0.1020 0.1010 0.1005 

Z3 0.2531 0.2487 0.2445 0.2425 0.1973 0.1946 0.1921 0.1908 0.2010 0.1990 0.1970 0.2010 

Z4 0.3054 0.3002 0.2951 0.2926 0.2653 0.2617 0.2583 0.2566 0.2629 0.2602 0.2576 0.2513 

Z5 0.0576 0.0566 0.0556 0.0552 0.1361 0.1342 0.1325 0.1316 0.1546 0.1531 0.1515 0.1508 

Z6 0.1309 0.1286 0.1265 0.1254 0.2041 0.2013 0.1987 0.1974 0.2320 0.2296 0.2273 0.2261 
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Table 16: Lab and predicted strengths for different curing conditions 

Obs 
No. 

W00A28 W21A07 W14A14 W07A21 W28A00 

Lab 
Tensile 
Strength 
(MPa) 

Predicted 
Tensile 
Strength 
(Mpa) 

Lab 
Tensile 
Strength 
(MPa) 

Predicted 
Tensile 
Strength 
(Mpa) 

Lab 
Tensile 
Strength 
(MPa) 

Predicted 
Tensile 
Strength 
(Mpa) 

Lab 
Tensile 
Strength 
(MPa) 

Predicted 
Tensile 
Strength 
(Mpa) 

Lab 
Tensile 
Strength 
(MPa) 

Predicted 
Tensile 
Strength 
(Mpa) 

1 2.29 2.15 2.11 1.93 2.44 2.37 2.56 2.24 2.2 2.33 
2 2.8 3.04 2.68 2.94 2.58 2.85 2.56 3.05 3.13 2.96
3 3.81 3.8 3.62 3.82 3.91 3.46 3.55 3.76 3.69 3.5
4 4.24 4.15 4.49 4.22 3.56 3.82 4.45 4.07 3.51 3.74
5 2.31 2.16 1.97 1.83 1.87 1.88 2.57 2.3 1.7 1.59 
6 2.67 2.99 2.61 2.86 2.39 2.34 2.57 3.04 2.18 2.27
7 3.8 3.73 3.63 3.79 2.82 2.91 3.48 3.71 2.56 2.87
8 4.18 4.07 4.49 4.22 3.31 3.25 4.45 4.01 3.45 3.15
9 2.72 2.39 1.98 1.87 2.17 1.98 2.45 2.24 1.6 1.61 
10 2.32 2.94 2.64 2.8 2.23 2.6 2.45 2.75 2.03 2
11 3.75 3.45 3.72 3.66 3.46 3.27 3.32 3.21 2.34 2.35
12 4.09 4.1 4.53 4.54 2.44 2.37 4.39 4.41 3.35 3.35

Obs 
No 

W00A28 W21A07 W14A14 W07A21 W28A00 
Lab 

Mod. of 
elasticity 

(GPa) 

Predictd 
Mod. of 
elasticiy 
(GPa) 

Lab 
Mod. of 
elasticiy 
(GPa) 

Predicted 
Mod. of 
elasticity 

(GPa) 

Lab 
Mod. of 
elasticity 

(GPa) 

Predicted 
Mod. of 
elasticity 

(GPa) 

Lab 
Mod. of 
elasticity 

(GPa) 

Predicted 
Mod. of 
elasticity 

(GPa) 

Lab 
Mod. of 
elasticity 

(GPa) 

Predicted 
Mod. of 
elasticity 

(GPa) 
1 19.35 19.67 23.18 22.86 27.42 27.59 22.36 22 24.46 24.67 
2 23.77 22.83 26.25 26.38 30.09 28.99 25.67 25.88 26.44 26.38 
3 24.33 25.55 28.05 29.41 27.75 30.14 27.99 29.22 28.8 27.79 
4 27.35 26.75 31.94 30.77 32.1 30.64 31.82 30.71 27.52 28.39 
5 19.53 19.82 22.11 21.95 23.38 22.37 22.41 22.17 20.92 20.49 
6 23.79 22.8 25.9 25.87 24.29 25.62 25.77 25.81 22.58 22.85 
7 24.09 25.45 28.08 29.36 26.47 28.51 27.56 29.05 23.27 24.94 
8 27.33 26.67 32.07 30.97 32.21 29.83 31.84 30.53 27.39 25.89 
9 19.06 19.76 22.46 22.49 22.65 21.94 21.92 22.19 20.35 20.46 
10 23.25 21.87 25.99 25.77 23.29 24.43 25.56 24.81 21.69 21.41 
11 23.11 23.8 28.61 28.78 27.18 26.7 26.76 27.2 22.11 22.27 
12 27.35 27.34 32.13 32.16 32.02 32.08 31.66 31.69 26.66 26.67 

Obs 
No 

W00A28 W21A07 W14A14 W07A21 W28A00 
Lab 

Comp. 
Strength 
(MPa) 

Predictd 
Comp. 

Strength 
(MPa) 

Lab 
Comp. 

Strength 
(MPa 

Predicted 
Comp. 

Strength 
(MPa) 

Lab 
Comp. 

Strength 
(MPa 

Predicted 
Comp. 

Strength 
(MPa) 

Lab 
Comp. 

Strength 
(MPa 

Predicted 
Comp. 

Strength 
(MPa) 

Lab 
Comp. 

Strength 
(MPa 

Predicted 
Comp. 

Strength 
(MPa) 

1 13.67 13.85 20.04 18.64 33.01 30.91 32.02 27.8 20.19 23.65 
2 26.49 24.44 26.55 26.65 39.3 40.89 32.02 37.76 37.25 30.09 
3 28.18 33.65 26.38 33.7 43.23 49.58 41.39 46.35 32.63 35.58 
4 41.39 37.79 42.94 36.91 59.35 53.5 56.67 50.18 37.25 38.01 
5 14.07 14.3 15.89 14.53 25.97 23.78 32.02 28.53 42.05 37.17 
6 26.39 24.05 23.15 25.51 32.93 35.04 32.02 37.47 37.25 45 
7 26.38 32.81 33.78 35.41 37.23 45.17 39.89 45.47 57 54.95 
8 41.19 36.85 42.64 39.99 57.75 49.84 56.77 49.15 61.58 58.76 
9 13.07 14.73 13.45 12.82 24.79 23.68 31.22 29.55 16.04 14.84 
10 24.29 20.66 23.47 23.98 31.45 32.49 31.22 32.88 17.8 19.91 
11 24.18 26.13 34.28 34.29 40.73 40.62 36.19 35.94 25.53 24.55 
12 13.67 13.85 45.54 45.68 58.45 58.68 54.87 55.19 31.04 31.12 
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Graph 3: Representation of lab compressive 
strength Vs predicted compressive strength for 

curing condition W00A28 

Graph 4: Representation of lab compressive 
strength Vs predicted compressive strength for 

curing condition W07A21 

Graph 5: Representation of lab compressive 
strength Vs predicted compressive strength for 

curing condition W14A14 

Graph 6: Representation of lab compressive 
strength Vs predicted compressive strength for 
curing condition W21A07 

Graph 7: Representation of lab compressive 
strength Vs predicted compressive strength for 

curing condition W28A00 

Graph 8: Representation of lab modulus of 
elasticity Vs predicted modulus of elasticity for 

curing condition W00A28 
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Graph 9: Representation of lab modulus of 
elasticity Vs predicted modulus of elasticity for 
curing condition W07A21 

Graph 10: Representation of lab modulus of 
elasticity Vs predicted modulus of elasticity for 
curing condition W14A14 

Graph 11: Representation of lab modulus of 
elasticity Vs predicted modulus of elasticity for 

curing condition W21A07 

Graph 12: Representation of lab modulus of 
elasticity Vs predicted modulus of elasticity for 

curing condition W28A00 

y = 0.9473x + 1.4098
R² = 0.9458

21

23

25

27

29

31

33

21 26 31 36

P
re

di
ct

ed
 M

od
ul

us
 o

f 
E

la
st

ic
ity

 (
G

Pa
)

Lab Modulus of Elasticity  (GPa)

�������		�
���
����


��������	��

21

23

25

27

29

31

33

22 27 32 37

P
re

di
ct

ed
 M

od
ul

us
 o

f 
E

la
st

ic
ity

 (
G

P
a)

Lab Modulus of Elasticity (GPa)

���������	
�������	�

�����������

21

23

25

27

29

31

33

21 26 31 36Pr
ed

ic
te

d 
M

od
ul

us
 o

f 
E

la
st

ic
it

y 
(G

Pa
�

Lab Modulus of Elasticity (GPa�

���������
���������

����������

20

22

24

26

28

30

20 25 30

P
re

di
ct

ed
 M

od
ul

us
 o

f 
E

la
st

ic
ity

 G
P

a)

Lab Modulus of Elasticity (GPa)

y = 0.8842x + 0.3761
R² = 0.8826

2

2,5

3

3,5

4

4,5

2 3 4 5

Pr
ed

ic
te

dT
en

si
le

 
S

tr
en

gt
h 

(M
P

a)

Lab Tensile Strength (MPa)

�������
��
���������

��������	�	

2

2,5

3

3,5

4

4,5

5

2,2 3,2 4,2 5,2

Pr
ed

ic
te

d 
 T

en
si

le
 

St
re

ng
th

 (
M

Pa
)

Lab Tensile Strength (MPa�


�



�

�

�

Graph 13: Representation of lab tensile strength 
Vs predicted tensile strength for curing condition 

W00A28 

Graph 14: Representation of lab tensile strength 
Vs predicted tensile strength for curing condition 

W07A21 

Graph 15: Representation of lab tensile strength 
Vs predicted tensile strength for curing condition 

W14A14 

Graph 16: Representation of lab tensile strength Vs 
predicted tensile strength for curing condition 
W21A07 

Graph 17: Representation of lab tensile strength 
Vs predicted tensile strength for curing condition 
W28A00 
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Conclusion:  
1. Compressive strength for cubes of concrete is a function of the constituents of concrete and
the other two parameters blend ratio and time lag.
2. From fisher test it is concluded that the application of model is satisfactory.  Ibearugbulem’s
Regression Model can be used to optimize mixes at 95% confidence level by Fisher  f-test.
3. Osadebe’s regression model is succefully utilized for prediction of compressive strength of
concrete.
4.The  difference in Lab values and predicted values is  due to and some human errors during the
conduct of the laboratory experiment.
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