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Abstract

Scheffe’'s and Osadebe’s models are the statistiethods of concrete mix design most frequentlyduis
civil engineering. Although these methods are gsitiéable for concrete mix optimization, they areaily limited
in that a predetermined number of experiments restarried out in order to formulate them and tba&y only be
applied for mix ratios that fall within the predeténed observation points. Ibearugbulem’s regressimdel has
been formulated as a new model to take care ofethielserent problems in Scheffe’'s and Osadebe’s. The
formulation started with the Osadebe’s procedur@ Soheffe’s and Osadebe’s constraints were imposed.
Some modifications were made to obtain the new moktd@s new model has been satisfactorily testadiugh
laboratory experiments on concrete. 150mm x 150niB0mm concrete cubes were prepared using each i
ratios, cured for 28 days, and crushed to deteritiaiz compressive strengths. The Fisher f-testakad that the
values of compressive cube strength predicted byndw regression model are very close to those fitwen
experiment, with f-value of 1.510 at 95% confideteeel. Thus, within 95% confidence level, the coegsive
cube strength of concrete made with water, cemgamd, and granite can be predicted using this nedem
Therefore, the new lbearugbulem’s Regression Magleduitable for concrete mix optimization. It isetkfore,
recommended as a new regression model for usenicret® mix design, with merits over the existindh&te’s

simplex and Osadebe’s alternative regression models

Keywords: Concrete mix design, Optimization, Regressiorsg®ase function, Scheffe’s model,Osadebe’s model.

Introduction

Scheffe’s and Osadebe’s models are the
statistical methods of concrete mix design most
frequently used in civil engineering, as illustchtby
Scheffe (1958, 1963), Obam (1998, 2006), Ibearwghul
(2006), and Osadebe and Ibearugbulem (2008, 2009).
Simon et al. (1997) has also used a close method to
Scheffe’'s in concrete mix design. Although these
methods have been found suitable for concrete mix
optimizations, they still have some inherent proide
Both methods have predetermined number of
experiments to be carried out in order to formutagm.
These predetermined observation points determiee th
mix ratios that can be used in them. Hence, theywai
be used to optimize an already conducted series of
laboratory tests. This great limitation has led som
scholars to search for an alternative optimizatisethod
capable of being applied for various laboratoryt tes
results. This work presents Ibearugbulems’s new
regression model as a satisfactory option.

Basic Polynomial Response Function
Osadebe (2003) gives the response function F(z)
as shown in equation (1).
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F(z) =XF"(20) . (z —20)" / M! =---mmmmmmmmmmm (1)
0<m<w

SinceF'(zy) is the derivative of the function Rjzto m
degree, equation (1) can be rewritten as in equéfin

F(z) =Yd= F(zg) . (zi—zp)® - 2)
d Z;™ m!
D=<m=x _ 2<m=x

The number of terms in equation (2) is
dependent on the degree of the polynomial, m, aed t
number of independent variables, i. Taking m equdl,
equation (2) can be written as in equation (3).

F(z)=3d"F(zp) .(z;—2zp)* +¥dF(zp) .(z,—z0)
. d Zy° 0! dZg 1!
0=m<we,2<m=x

If m is equal to 2, the equation will be as shown i
equation (4).
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F(z) =Xd°F(z) . (z-2)°
dz 0!
+2d F(z) .(z=2)
d 7z, 1!
+>d’ F(z) . (z—2)°

d Z 2!
+Yd F(z) . (z.—2)(z.—2)-— (4)
d# 2!

0K m<ow , 2< m<ow

It isassumed that the origin ig, avhich is equal to zero. Since the products amadtignts of constants are themselves
constants, this equation can be written simplyhasve in equation (5).

F(z) =Zbn. 2" ©)

0<m<w,2<m<wo

It can be seen from equation (5) that:

Form =0, [N | — (6)

Form=1, h=h e (7)

Form =2, b = b; (for z°term) ----------- 8)
bm = by (for 22 term) ---------—- (9)

Form =3, b = by (for z° term)  ---------- (10)
bm = by (for zzz, term) ~ ---------- (11)
b = by (for ZiZZj term) - (12)
b = by (for z ij term) - (13)
bm = by (for ZiZZk term) e (14)
bm = bk (for z Zkz term) e (15)
bm = by (for z%z term) ~ eeeeeeee (16)
b= b (for z 22 term) e 17)

Equation (5) can also be written as in equation.(18

F(Z) =bo +me . Zm (18)

1<m<w,2< m<wo

Fori = n,1<m<n (19)

The implication of equation (19) is that the maximdegree of polynomial that can be used is equdheonumber of
independent variables, i.

Boundary Conditions

Both Scheffe (1958) and Osadebe and Ibearugbul8@BjZestricted the summation of the independerialbkes
to unity, as expressed in equation (20).
ZZi =1 (2):)
Scheffe (1958) also restricted the value of eadlitrary independent variable to between zero armg as expressed in
equation (21).
0<ms<1 (21)

Ibearugbulem’s Regression Model

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

bo =2 bozi (22)

Multiplying equation (20) by;zand rearranging gives equation (23).
Z2%=2— 212, — 27, - ... - ZZyp=nnnn (23)

Multiplying equation (20) by;zand rearranging gives equation (24).
Z™M=z-zz' - 22 - ... - 3'2,---(24)

http: // www.ijesrt.com  (C) International Journal of Engineering Sciences & Research Technology
[1735-1742]



[Ibearugbulem, 2(7): July, 2013] ISSN: 2277-9655
Impact Factor: 1.852

Taking the highest degree of the polynomial andstutiing equations (22) and (24) into equation(@8) factorizing,
making sure that every term has no independerabiariof more than one degree will yield equatids) (2hich is the new
Ibearugbulem’s regression model.

F(Z) :ZDiZi + ZDijZiZj + ZDiijiZjZk + ... +2Dijkmwzi2jzk ver Lo mmmmmm (25)
1 <i<oo, 1<i<j <00, 1<i<j< k<o, ..., 1<i<j<k<...
For i = 2, equation (25) can be expressed as iataqu(26).

F@)=Uizi+z+Upz1z, - (26)

For i = 3, equation (25) can be expressed as iataqu(27).

F(z)=0121+ U2 2 + U3 23401221 2o + U3 23 Z3+0p3 2 23 + Ui12323 2523 ---- (27)

For i = 4, equation (25) can be expressed as iataqu(28).

F(z)=0121+ 02 2o+ U3 23+ 4+ U122y 2o+ Ui3 2y 3+ U142 24+ Uz 2, 234024 2, 24 +
Usa 23 24 + Ui232y 2523+ U242y 2524+ U1342) 2374 + Up3425 2324 + U342y 2573 24 ------ (28)

<o

Pseudo and Actual Variables

The independent variables used in the regressiwtiain (equation25) are pseudo variables. Theyat¢he actual
variables. However, a relationship exists betwéenpseudo variables,and the actual variables, s

Zi=5/S e (29)

S=¥s e 30)

COEFFICIENTS OF THE REGRESSION FUNCTION
Summing equation (25) for n observation points giequation (31).

ZF‘(z} = ZZm‘zz + Zanijzizj+ T (31
1<r<n

Multiplying equation (31) by zgives equation (32).
z,..F(z) = Zthizi.zw+ ZZJijzizj.zw+ - —_————— (32)

r r r

Multiplying equation (31) by zz . . . gives equation (33).
ZZE.ZQZ:- F(z) = ZZ @LZl ZgqeZsZp + ZZ QijZLE] BguZeBe T v —— — —— (33)
r r

r

Adding equations (32) and (33) will give n simukanis equations with n unknowns, represented inixrfatm as shown
in equation (34).

_ Zzi.F(Z} ] -ZZZ]_-Z:L ZZZE'ZJ- Z,Zza,zl
Zzz-F(Z} Zzzl-Z: ZZZ:.Z: Z,Zzg.z: zz

ZZE-F(Z} = Zzzl-za Zzzg.za ZZZE.ZE a:a —(34)

23,

ST

Z9Z-2q...F(z Zy.Z I

E 14243 (} % § 21.31-23 E E Z9.5y.29 .
-
L r
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Solving the simultaneous equation expressed integuéd4) gives the values of the coefficients@gnession function in

equation (25). Equation (34) can be written in @rsform as shown in equation (34b).

[F(2).2] = [CC] [a]

Where CC is always a symmetric matrix. For a mixtof three components, CC is a 7 x 7 matrix as shHavable 1.

>xZ171
>XZ7172
>>7173
>XZ17172
>XZ717173
>XZ17273

¥¥7172
X¥7272
¥¥7273
X¥717272
¥¥717372
X¥727273

Table 1: Matrix showing elements of CC matrix of amix of three components
¥¥71717273
¥¥71727372
¥¥71727373

¥¥7173
¥¥7273
¥¥7373
¥¥717273
¥¥717373
¥¥727373

¥¥717172
¥¥717272
X¥717273
X¥71717272
¥¥71717273
XX¥71727273

lllustrative Application of the New Regression Modé
The new Ibearugbulem’s regression model has bessfasdorily tested through laboratory experiments
concrete. The concrete was made using potable whaeto brand of Ordinary Portland Cement that oomf to BS 12
(1978); river sand with compacted and non-compabieléd densities both equal to 1675 K{/rfree from deleterious
matters, and well graded in the size range of Ori5hx < 4.75mm as shown in figure 1; and granite free foeteterious
matters, with compacted and non-compacted bulkitlemf 1603 Kg/m and 1368 Kg/rhrespectively, in conformity
with BS 882 (1992), and particle size range 064n< x <19 mm as shown in figure 2.
The test was carried out in accordance with BS 1@®8B3). Batching of the materials was by massotaltof 21 mix
ratios were used, as shown in table 2. The firsmb2 ratios designated with Ni were used to fornmilthe model. The
remaining 9 mix ratios designated with Ci were uasdcontrol to test the adequacy of the model. 180ML50mm x
150mm concrete cubes were prepared using eaclesé thl mix ratios, cured for 28 days, and crusbetetermine their
compressive strengths, which were calculated usipmtion 35. (See values in table 5).
failure load (N)

¥¥717173
¥¥717372
¥¥717373
X¥71717273
¥¥71717373
X¥71727373

¥¥717273
¥¥727273
¥¥727373
XX¥71727273
¥¥71727373
XX72727373

¥¥7171727372
¥¥7171727373
¥¥7171727373
XXZ1Z1727F 57172737255 717273733371717273725717172737F 37171727373 3717172727373

compressive cube strength = cross sectionarea (mm®) 35
Table 2: Concrete mix ratios used in this work
Mixes used in formulating the model
S/N N1 N2 N3 N4 N5 N6 N7 N8 N9 N1C [N11 |N12
WATER 0.45 |0.55 | 0.65 0.7 0.45( 055 0.6% 0.7 0.45550.|0.65 (0.7
CEMENT 1 1 1 1 1 1 1 1 1 1 1 1
RIVER SAND |1.5 15 15 15 15 15 15 15 2 2 2 2
GRANITE 1.7 1.7 1.7 1.7 2 2 2 2 2.5 25 2.5 2.5
Mixes for control
S/N C1 Cc2 C3 C4 C5 C6 Cc7 C8 C9
WATER 0.57% 0. 06 0.575 0.5 0.6 0.571 0.5 0.6
CEMENT 1 1 1 1 1 1 1 1
RIVER SAND 1% 15 15 175 1. 2 2 2
GRANITE 1.7 N P 2 2 2.5 2.5 2.5
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Four materials were used, namely water, cement],samd gravel; but the components of the mix aregthnamely
water/cement ratio (S1), sand/cement ratio (S3j,ganite/cement ratio (S3). It should be notednfexquations (29) and
(30) that S=S1 + S2 + S3 and Zi = Si/ S. Thams$formation enables the model to reduce the $ig&amatrix from 14
X 14 to 7 X 7. Although the actual number of eletisan the concrete mix is 4, this new regressiodl@htas kept cement
constant, thereby reducing the components to 3s Thianother improvement of the present regressiodel over
Scheffe's and Osadebe’s regression models. TaBleo®s values of S and Z, while table 4 shows theafrix for the

concrete mixes.

Table 3: Values of S and Z

ISSN: 2277-9655

Impact Factor: 1.852
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sin|st [s2 [s3 |s | =z 72 73 72172 | 7173 | 7273 | z172%
N1 045 [15 [1.7 | 3.65 | 0.123288.410959(0.465753]0.050666/0.057422/0.191406/0.023598
N2 Jos5 (15 [1.7 | 3.75 | 0.146660.4 0.4533330.058667/0.066489/0.181333/0.026596
N3 Jo.65 (15 [1.7 | 3.85 | 0.168830.38961 | 0.441558.065778/0.07454900.172036/0.029045
N4 J07 15 |17 [3.9 | 0.179480.384615/0.435897/0.069034/0.078238/0.1676530.030092
N5 045 (15 |2 3.95 | 0.113928.379747/0.506329/0.043262{0.057683/0.192277/0.021905
N6 J055 (15 |2 | 4.05 | 0.135800.37037 | 0.4938210.050297/0.067063/0.182899/0.024838
N7 Jo.65 (15 |2 | 4.5 | 0.156620.361446(0.481928/0.056612{0.075483/0.174191/0.027283
Ns J07 (15 |2 |42 | 0.166660.3571430.47619 |0.059524.079365/0.170068/0.028345
N9 Jo.45 |2 25 | 4.95 | 0.090900.40404 | 0.5050510.036731{0.045914/0.204061/0.018551
N10j0.55 |2 25 | 5.05 | 0.108910.39604 | 0.49505| 0.043138.053916/0.196059/0.021353
N11j0.65 |2 25 | 5.5 | 0.126210.38835 | 0.4854310.049015(0.061269(0.188519/0.023794
Ni12jo7 |2 25 |52 | 0.13461.384615/0.480769[0.0517750.064719]0.184911/0.024892
c1 los75 |15 [ 17 | 3.779 0.1523I8397351/0.450331/0.060524/0.068593/0.17894 | 0.027256
c2 o5 |15 [17 |37 | 0.135138.405405/0.459459(0.054785/0.06208900.186267/0.025171
c3 o6 |15 [17 |38 | 0.157898.394737]0.447368/0.062327/0.070637/0.1765930.027883
c4 lo575 |15 |2 | 4079 0.1411(2368098/0.490798(0.05194 |0.069254.180662/0.025492
cs o5 [15 |2 4 |o12s | 0375 | 05 0.046908625 |0.1875 | 0.02343
c6 lo6 [15 |2 4.1 | 0.146340.365854/0.48780500.05354 | 0.07138(0.178465/0.026117
c7 los75 |2 25 | 5075 0.1133] 0.394089192611[0.04465 | 0.05581%.194132/0.021995
cs los |2 25 |5 0.1 0.4 0.5 004 | 005 | 02 0.02
co los |2 25 |51 | 0.117640.392157/0.4901960.046136/0.05767 | 0.192234.022616
Table 4: Z-matrix for the concrete mixes
SIN 71 72 | 23 | z122 | z123 7273 717273
N1 0.123288  0.410959  0.465753  0.050666  0.057422 @OB1 0.023598
N2 0.146667 0.4 0.453333  0.058667  0.066489  0.181333.026896
N3 0.168831  0.38961  0.441558  0.065778  0.074549 03620 0.029045
N4 0.179487  0.384615  0.435897  0.069034  0.078238  63H7 0.030092
N5 0.113924  0.379747  0.506329  0.043262  0.057683  Q7P2 0.021905
NG 0.135802  0.37037  0.493827  0.050297  0.067063  OUB28 0.024838
N7 0.156627  0.361446  0.481928  0.056612  0.075483  QAT4 0.027283
N8 0.166667  0.357143  0.47619  0.059524  0.079365  OGE&00 0.028345
N9 0.090909  0.40404  0.505051  0.036731  0.045914  O@D40 0.018551
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N1C 0.108911 0.39604 0.49505 0.043133 0.053916 0.196050.021353
N11 0.126214 0.38835 0.485437 0.049015 0.061269 0118885 0.02379
N12 0.134615 0.384615 0.480769 0.051775 0.064719 01B4 0.02489

Substituting the values from Z matrix into the C@trix of table 1 gives the CC matrix with its ingeras follows:

CC MATRIX
0.23533843  0.63449416  0.78210875 0.09008663  0.11068002300Z0023  0.042346b2
0.634494156 1.787028771 2.205412504 0.2441173 0.30@3902.851584964 0.115493981
0.782108751 2.205412504 2.733601975 0.300290228 0.83013 1.053537312 0.142449623
0.090086629 0.2441173 0.300290228 0.034543454 0.042346®.115493981 0.016229859
0.110680022 0.300290228 0.371138501 0.042346623 0.63887 0.142449623 0.019952943
0.300290228 0.851584964 1.053537312 0.115493981 0.96284 0.406721281 0.054769116
0.042346623 0.115493981 0.142449623 0.016229859 0.29935 0.054769116  0.00764367
CC INVERSE
-73559048.5 -16926229.03 -11490356.85 217125188.3174752656.1 57228644.19 -449843017.9
-16822924.54 -3213812.688 -2204745.839  48990836.4239601483.85  10959052.47 -103073903.7
-11410062.8 -2202406.631 -1493936.761  33290084.9426790789.29  7468757.982 -69803211.94
216858850.9 49234476.3  33485486.43 -639132974.3514881232.2 -166635148.5 1325720992
174485761.8 39785488.68 26939851.67 -514726169.1413800752.8 -134366565.4 1066003052
56845502.85 10951260.6 7471377.491 -165711434.8133663987.4 -37238507.59  347957089.6
-448892744.6 -103486990.3 -70145803.87 13245448181065377673  349560793.4  -2740342267

Using the values of Zi from table 3 and the labmmatompressive cube strength shown in table
5,[F(z). Z] = X,24.2.2; F(z) was obtained as:

Y (Z1.F(2)) = 44.89459
Y(22.F(2)) = 128.6564
¥(Z3.F(2)) = 159.219
Y(Z1Z2.F(2)) = 17.28834
Y(Z1Z3.F(2)) = 21.32949
Y(22Z3.F(2)) = 61.54378
Y(21Z273.F(2)) = 8.210941

Substituting[F{z). Z] and inverse of CC matrix into equation 34 gave dbefficients,[&] of the regression model as
shown in table 4.

Table 4: Values of the coefficients of the model
o3 al2 al3
2805.651 3004.0B3 2516.641

al
-2425.34

02
4164.749

023 0l23
-18542 -16616

Using the coefficientyi of table 4, the mix ratios of table 2, and equiagi (29), (30) and (34), the compressive cube
strengths predicted by the model were obtainedhaars in table 5, together with their laboratory ieglents.
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Table 5: Compressive cube strength (YY) from laborairy and Model
Mixes used in formulating the model

S/N N1 |N2 |N3 N4 [N5 | N6 | N7 [ N8 | N9 | N10O N11 N12

Y Lab (N/mm?) 31.85|27.8524.51 23.7(032.59(29.62]25.11|23.55(33.11|30.22 |26.51 | 24.15

Y vogel (N/mm?) 31.76 28.0p 24.81 23.81 33|06 28.88 25.29 2333334 29.5] 26.28 24.84
Mixes for control

S/N ci1 |C2 |cC3 C4 |C5 |[C6 | CT7T | C8 | C9

Y Lab (N/mm?) 25.77 29.9p 25.70 26.96 30[22 26.37 27.18 3124303

Y wodel (N/Mm?) 27.18 29.8D 26.37 27.94 30[88 27.03 28.65 3123581

Fisher f- test was carried out to determine whethere is significant difference between valuesahpressive strengths
from the laboratory and those from the model. Tésailt is shown in table 6.

Table 6: Fisher F- test on the compressive strengfinom the model using the nine control mixes

RESPONSE SYMBOL ¥ Y Ye-Vp | Ym-Yum | (Ye- V) (Yum- Vu)?
C1 25.77 27.18 -2.094 -1.379 4.387 1.901
C2 29.92 294 2056 1.241 4.2p5 1.540
C3 25.7 26.377 -2.164 -2.199 4.685 4.791
C4 26.96 27.94 -0904 -0.619 0.818 0.383
C5 30.22 30.84 2356 2.321 5.549 5.388
(o) 26.37 27.03 -1.494 -1.529 2.2B3 2.338
c7 27.18 28.65 -0.684  0.091 0.468 0.9o8
cs8 31.63 3135 3.76p 2.791 14.1779 7.790
C9 27.03 27.83 -0.83% -0.729 0.6p6 0.531
Total 250.78]  257.03 37.241 24.671
Mean 27.86 28.5¢

Legend:y=01Yp/N, Y=Yy /N, N=9
S2=1(Yp-Yp)*/ (N=1)=37.241/(9 -1) = 4.655
Sw?=(Ym-9wm)?/ (N=1)=24.671/(9 - 1) = 3.084
Therefore, § = 4.655 and $ = 3.084.
fealculated= Si° | S° = 4.655 /3.084 = 1.510
From statistic tablesfys (8,8) = 3.44 and 1/f = 0.662.

Thus, the condition 1/F S;?/ S,2[1 F has been satisfied. Therefore, the differencerdssn lab result and model result is
not significant
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Discussion and Conclusion

The Fisher f-test revealed that the values of cesgive
cube strength predicted by the new regression meael
very close to those from the experiment. The cateadl f

(f = 1.510) is less than the allowable f from stiititable

(f = 3.44) at 95% confidence level. Laboratory dtinds

and some human errors during the conduct of the
laboratory experiment might be attributed to any
difference between laboratory compressive cubagthne
and compressive cube predicted by the model. Thus,
within 95% confidence level, the compressive cube
strength of concrete made with water, cement (OPC),
river sand, and granite can be predicted by ugirsgrew
model. Therefore, this new Ibearugbulem’s Regressio
Model can be used to optimize mixes at 95% confiden
level by Fisher f-test. It is therefore, recommeahdes a
new regression model for use in concrete mix design
with merits over the existing Scheffe’s simplex and
Osadebe’s alternative regression models.

120 -

100 -

—4—Sand

0.075 0.15 0.2 0.6 1.18 2.36 475

Figure 1: Grain size distribution of the sand used

——Granite

4,75 8.5 12.5 19
Figure 2: Grain size distribution of the graniteds
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