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ABSTRACT: This research work set out to develop a model for the flexural strength characteristics of concrete made with unwashed
local aggregatebased on the second-degree polynomial. The unwashed local gravelwas from Abagana and the river sand from
Amansea, both in Anambra State of Nigeria. These aggregates were tested for their physical and mechanical properties based on BS
812: Part 2& Part 3:1975. Sixty concrete beams of dimensions 150 mm X 150mm X 600mm-—three beams for each experimental
point were made, cured and tested according to BS 1881:1983. The model equation developed was Y= -366.27Z;+ 249.997, -15.93Z;
-20.247, +18.687,7Z, -1675.23Z,Z5 + 605.847,7, +1458.06Z,75 -290.71Z,Z, +78.14Z37,.The student’s t-test and the Fisher’s test
were used to test the adequacy of this model. The strengths predicted by the model were in complete agreement with the

experimentally obtained values and the null hypothesis was satisfied.
Key words: Optimization, Concrete,Flexural strength, Second-degree polynomial, Fisher’s test, Model, Taylor’s theorem.

1. INTRODUCTION
1.1. OSADEBE’S CONCRETE OPTIMIZATION THEORY

Concrete is a four-component material of mixing water, cement, fine and coarse aggregate. These ingredients are mixed in rational
proportions to achieve desired strength of the hardened concrete [1]. Let us consider an arbitrary amount, S, of a given concrete
mixture and S;, the portion of the i™ component of the four constituent materials of the concrete where i = 1,2,3,4, then in keeping with

the principle of absolute volume or mass [2]:

2.8 =5 1

Dividing through by S and substituting Z; for Si/S gives:

> Zi=1 2

Then, the compressive strength of concrete can be expressed as equation 3:
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Using Taylor’s theorem and the assumption that Y is continuous, equation 3 becomes:

If by = f(0), b= 6f(0)/ 0Z;, b= (0)/ 6Z;0Z; and by = &*f(0)/6Z%, then eqn. 4 can be written as follows:

f(z)="b, +sz +ZZbUZZ +Zb“ZZ.+ ............ 5

i=1 j=1

Multiplying egn.2 by by we have

Also, multiplying eqn. 2 by Z;, Z,, Zs and Z, in succession, making Z,%, Z,%, Zs* and Z,* the subject of the formula, substituting into

eqn. 5 and factorizing gives:

= Zﬂizi +Zﬁijzizj 7
where B =0, + b +Db; and B; =b; —b; +Db; i, j = 1234)
1.2 THE COEFFICIENTS OF THE REGRESSION EQUATION
If the K" response (compressive strength for the serial number k) is y®, substituting the vector of the corresponding set of variables,

e,z = [z, 2,0, z,® 7,977 (see Table 1) into eqn.7 generates the explicit matrix of equation 8:

y¥] = [B]z] 8
Re-arranging egn.8 yields:

[zT'[8T = [y*] 9

Solution of eqn.9 gives the values of the unknown coefficients of the regression equation ( eqn 7).

1.3 THE STUDENT’S t-TEST

The unbiased estimate of the unknown variance S ? is given by [3],
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If &=z (2zi— 1), & = 4 ziz; ; for (1 <i< ) and (1 <i< j < q) respectively.

Then, e = Z a2i i Zaijz 11

whereg is the error of the predicted values of the response.

The t-test statistic is given in [3]

{ = A)é\/ﬁ\/m 12

whereAy :% —: ; Yo = observed value, y= theoretical value; n = number of replicate observations at every point; € = as defined in

eqgn.11.
1.4 THE FISHER’S TEST
The Fishers-test statistic is given by

2
F = S; 13
S?,

The values of S;(lower value)and S;(upper value) are calculated from equation 10.

2. MATERIALS AND METHOD

2.1 PREPARATION, CURING AND TESTING OF CUBE SAMPLES

The aggregates were sampled in accordance with the methods prescribed in BS 812: Part 1:1975 [4]. The test sieves were selected
according to BS 410:1986 [5]. The water absorption, the apparent specific gravity and the bulk density of the coarse aggregates were
determined following the procedures prescribed in BS 812: Part 2: 1975 [6]. The Los Angeles abrasion test was carried out in
accordance with ASTM. Standard C131: 1976 [7]. The sieve analyses of the fine and coarse aggregate samples were done in
accordance with BS 812: Part 1: 1975 [4] and satisfied BS 882:1992[8]. The sieving was performed by a sieve shaker. The water used
in preparing the experimental samples satisfied the conditions prescribed in BS 3148:1980 [9]. The required concrete specimens were
made in threes in accordance with the method specified in BS 1881: 108:1983 [10]. These specimens were cured for 28 days in
accordance with BS 1881: Part 111: 1983 [11]. The testing was done in accordance with BS 1881: Part 117:1983 [12] using flexural

testing machine.
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TABLE 1 SELECTED MIX RATIOS AND COMPONENT’S FRACTION BASED ON OSADEBE’S SECOND DEGREE

POLYNOMIAL
MIX RATIOS COMPONENT'S FRACTION
SINO | S; Sz Ss Sy Z; Z; Z3 Z,
1 0.88 1 2.5 4 0.105 0.119 0.298 0.477
2 0.86 1 2 4 0.109 0.127 0.254 0.509
3 0.855 1 2 3.5 0.116 0.136 0.272 0.476
4 0.86 1 2 3 0.125 0.146 0.292 0.437
5 0.855 1 2.5 3.5 0.109 0.127 0.318 0.446
6 0.865 1 3 4 0.098 0.113 0.338 0.451
7 0.87 1 3 4.5 0.093 0.107 0.320 0.480
8 0.86 1 15 3 0.135 0.157 0.236 0.472
9 0.86 1 2.75 3.4 0.107 0.125 0.343 0.424
10 0.865 1 2 4.25 0.107 0.123 0.246 0.524
CONTROL
11 0.858 1 2.43 4 0.104 0.121 0.293 0.483
12 0.86 1 1.75 3 0.130 0.151 0.265 0.454
13 0.855 1 2.4 3.5 0.110 0.129 0.309 0.451
14 0.86 1 2 4.33 0.105 0.122 0.244 0.529
15 0.862 1 2.25 3.13 0.119 0.138 0.311 0.432
16 0.858 1 2 2.83 0.128 0.150 0.299 0.423
17 0.858 1 2.67 3.29 0.110 0.128 0.342 0.421
18 0.86 1 3 4.13 0.096 0.111 0.334 0.459
19 0.855 1 2 3 0.125 0.146 0.292 0.438
20 0.8595 1 2.75 4 0.100 0.116 0.319 0.465

LEGEND: S;= water/cement ratio; S,=Cement; S;=Fine aggregate; S,=Coarse aggregate, Z; = Si/S
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TABLE 2 Z"MATRIX

Z Z; Z3 Z, 7,7, yAVL) 2,7, ZyZ4 ZyZ,4 7374
0.105 0.119 0.298 0.477 0.013 0.031 0.050 0.036 0.057 0.142
0.109 0.127 0.254 0.509 0.014 0.028 0.056 0.032 0.065 0.129
0.116 0.136 0.272 0.476 0.016 0.032 0.055 0.037 0.065 0.129
0.125 0.146 0.292 0.437 0.018 0.037 0.055 0.042 0.064 0.127
0.109 0.127 0.318 0.446 0.014 0.035 0.049 0.041 0.057 0.142
0.098 0.113 0.338 0.451 0.011 0.033 0.044 0.038 0.051 0.153
0.093 0.107 0.320 0.480 0.010 0.030 0.045 0.034 0.051 0.154
0.135 0.157 0.236 0.472 0.021 0.032 0.064 0.037 0.074 0.111
0.107 0.125 0.343 0.424 0.013 0.037 0.046 0.043 0.053 0.146
0.107 0.123 0.246 0.524 0.013 0.026 0.056 0.030 0.065 0.129
TABLE 3 RESPONSES OF THE MIX RATIOS
SINO S1 S Ss Sy RESPONSES[N/mm°]

1 0.88 1 2.5 4 2.51

2 0.86 1 2 4 2.61

3 0.855 1 2 3.5 2.77

4 0.86 1 2 3 291

5 0.855 1 2.5 3.5 2.75

6 0.865 1 3 4 1.96

7 0.87 1 3 4.5 1.85

8 0.86 1 1.5 3 3.16

9 0.86 1 2.75 3.4 2.82

10 0.865 1 2 4.25 2.56

LEGEND: S;= water/cement ratio; S,=Cement; S;=Fine aggregate; S,=Coarse aggregate
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2.2 TESTING THE FIT OF THE QUADRATIC POLYNOMIALS

The polynomial regression equation developed was tested to see if the model agreed with the actual experimental results. The null

hypothesis was denoted by H, and the alternative by H,.
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FIGURE 1 GRADING CURVE FOR THE FINE AGGREGATE
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FIGURE 2 GRADING CURVE FOR THE UNWASHED LOCAL GRAVEL
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3. RESULTS AND DISCUSSION

3.1PHYSICAL AND MECHANICAL PROPERTIES OF AGGREGATES

Sieve analyses of both the fine and coarse aggregates were performed and the grading curves shown in Figures 1 and 2. These grading
curves showed the particle size distribution of the aggregates. The maximum aggregate size for the local gravel was 53 mm and 2mm
for the fine sand. The local gravel had water absorption of 4.55%, moisture content of 53.25%, apparent specific gravity of 1.88, Los

Angeles abrasion value of 60% and bulk density of 1302.7 kg/m®.

3.2 THE REGRESSION EQUATION FOR THE COMPRESSIVE STRENGTH TESTS RESULTS

Solution of Eqn.9, given Z" values of Table 2 and the responses (average flexural strengths) in Table 3 gave the values of the unknown
coefficients of the regression equation (Eqn.7) as follows: ;= -366.27, B, = 249.99, Bs=-15.93, B4 = -20.24, B1,= 18.68, B13= -1675.23,
B14= 605.84, Bys= 1458.06, Bay= -290.71, B34 = 78.14. Thus, from Eqn.7, the model equation based on second-degree polynomial was
given by: Y= -366.27Z+ 249.99Z, -15.93Z; -20.24Z, +18.68Z,Z, -1675.23Z:Z; + 605.84Z,7Z, +1458.06Z,Z; -290.71Z,Z,

+78.14Z5Z, where Y represented the flexural strength of the mixture in N/mm?.

3.3 FIT OF THE POLYNOMIAL

Selected mix ratios and component’s fraction based on Osadebe’s second degree polynomial was shown in Table 1. The polynomial
regression equation developed — Y= -366.27Z,+ 249.997,-15.93Z; -20.24Z, +18.68Z,Z, -1675.23Z,Z5 + 605.84Z,Z, +1458.06Z,Z5
-290.71Z,Z4 +78.14Z3Z4was tested to see if the model agreed with the actual experimental results. There was no significant difference

between the experimental and the theoretically expected results. The null hypothesis, Hy was satisfied.
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TABLE 4t-STATISTIC FOR THE CONTROLLED POINTS, UNWASHED LOCAL GRAVEL CONCRETE
FLEXURAL TEST, BASED ON OSADEBE’S SECOND -DEGREE POLYNOMIAL

RESPONSE | | j 3 8 a’ ay’ g y v |t
SYMBOL

1 2 0082 [ 0050 | 0.007 0.003

1 3 0082 0121 | 0.007 0.015

1 4 0082 [ 0120 | 0007 | 0.0399

0.4835 | 3.03 3.17 -0.2069

C 2 3 0092 [ 0.142 0.01 0.020

2 4 0092 [ 0233 | 0013 | 0.0543

3 4 0121 | 0566 | 0016 | 03202

4 — -0.017 — 0.001 —

) 0.052 | 0.4316
Similarly

C — — — — — — 0.4809 309 303| 0.09253
Cs — — — — — — 0.9234 305 3.22 -0.2824
Cs — — — — — — 0.4642 308 319| -0.15354
Cs — — — — — — 0.5053 255[ 244 0.15628
C — — — — — — 0.4966 298 273| 037210
C, — — — — — — 0.5707 277 255  0.32260
Cs — — — — — — 0.5624 248 275 -0.40003
Co — — — — — — 0.4949 297 320 -0.34129
Cuo — — — — X — 05236 | 281 2.88 | -0.10948

LEGEND: c; =response; a; = z; (2z; - 1); & = 4 zizj.€ = Ya’ +Za2ij; ¥ = experimentally-observed value; Y= theoretical value; t = t-test
statistic

3.4 t-VALUE FROM TABLE

The student’s t-test had a significance level, o = 0.05 and tove) = to.0059)=3.69 from the standard table [13]. This was greater than any

of the t values calculated in Table 4. Therefore, the regression equation for the unwashed gravel concrete was adequate.

3.5 F-STATISTIC ANALYSIS

The sample variances S;? and S,” for the two sets of data were not significantly different (Table 5). It implied that the error(s) from
experimental procedure were similar and that the sample variances being tested are estimates of the same population variance. Based
on eqn.10, we had that Sx*= 9.647/9 = 1.072, S¢® = 10.428/9 = 1.159 &F = 1.072/1.159 = 0.925.From Fisher’s table[13], Fogs@.) =

3.3, hence the regression equation for the flexural strength of the unwashed gravel concrete was adequate.
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TABLE 5 F —STATISTIC FOR THE CONTROLLED POINTSBASED ON OSADEBE’S SECOND -DEGREE

POLYNOMIAL

Response symbol Yk Ye Y- Vi Ye-Ve (Y- Vi)? (Ye-Ve)
C, 3.03 3.17 -0.812 -0.729 0.659 0.532
G, 3.09 3.03 -0.748 -0.871 0.559 0.759
Cs 3.05 3.22 -0.787 -0.676 0.619 0.458
C, 3.08 3.19 -0.761 -0.715 0.579 0.511
Cs 2.55 2.44 -1.289 -1.456 1.662 2.119
Ce 2.98 2.73 -0.856 -1.171 0.733 1.370
C, 2.77 2.55 -1.074 -1.349 1.153 1.821
Cs 2.48 2.75 -1.361 -1.153 1.852 1.330
Cq 2.97 3.20 -0.872 -0.698 0.760 0.487
Cuo 2.81 2.88 -1.035 -1.021 1.071 1.041
> 28.806 29.161 9.647 10.428

Legend: Y=2Y/n where y is the response and n, the number of observed data (responses)
Y\ is the experimental value (response)
Yk is the expected or theoretically calculated value(response)

CONCLUSION

The strengths (responses) of concrete were a function of the proportions of its ingredients: water, cement, fine aggregate and coarse
aggregates. Since the predicted strengths by the model were in total agreement with the corresponding experimentally -observed

values, the null hypothesis was satisfied. This meant that the model equation was valid.
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