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Abstract: Significant studies were undertaken on the use and impact on tensile along with compressive strength of the recycled
concrete aggregate (RAC). However, the combined result of recycled aggregate and fly ash (FA) on tensile and compressive
strength of concrete has not been modelled properly. To contribute to this area, research was carried out in combination with
Fly ash and substitution per cent of natural coarse aggregates by recycled aggregates along with different water-cement ratios.
This study determines whether the numerical analysis can be performed on the experimental values of strengths or not. By the
checking normality, one-way analysis of variance (ANOVA) is used as working method. The predictive model for reliability is
trained and tested upon the available experimental data sets. Thus, the research work briefs about the numerical analysis by
statistical methods and the corresponding result analysis. The linear relationship between the Concrete mix % and with &
without fly ash provides the reliability of the model. 90 days Compressive and Tensile strength at 0.38 w/c for 20% RAC &
10% FA provides the best choice among all and can be further optimized on its various combinations.

Keywords: Recycled Aggregate in Concrete (RAC), Fly Ash (FA), Compressive Strength, Tensile Strength, ANOVA,
Reliability, Normality Test by Shapiro-Wilk.

1. Introduction

Every year, the building and demolition industry generates large quantities of waste materials. Usually,
recycled aggregate is combined with natural aggregate once utilized in new concrete (Pradhan and Barai, 2017).
Natural resource scarcity may be a growing problem for the world, and it is important for reducing the effects of
present deficiency and takes the step to conserve an atmosphere. To reduce this effect, the utilization of
construction and demolition wastes in concrete mixtures as a substitute for Natural Resources. Recycled
aggregates (RA), that may be utilized as aggregates into concrete, are often generated by C&D waste, particularly
concrete waste (Limbachiy et al., 2012). Concrete utilization gains importance, as a result, it protects natural
resources associated with it and it removes requirement of discarding via concrete victimizing as a supply for
brand spanking newer concrete or alternative applications. Recycled aggregate concrete manufactures in the same
manner as typical concrete. Special care is needed when using fine RCA. Solely up to ten to twenty % fine RCA
is useful.

The ANOVA method gives the variance and reliability of any experimental data with particular relations.
Analysis of variance (ANOVA) refers a technique for partitioning the variability of a collection of information
to perform multiple significance tests. In experiments wherever solely one issue is investigated, the analysis of
variance is remarked as one-way ANOVA. In applying ANOVA, the basic assumption is that the answer is
generally distributed. The response variance is divided into the variance that can be attributed to the trait (or
factor) investigated and thus the variance that can be attributed to the randomness which is seen to occur
naturally for the response.

Using neural networks in civil engineering, several researchers attempted to use ANOVA to forecast
properties of Recycled Aggregate concrete. Khademi et al., (2016) applied three various methods and non-
dimensional variables like further input variables, the data-driven models were studied for their accuracy.
Deshpande et al. (2014) found the RAC compressive strength prediction was larger than the ANN and the
Medium and Model Tree Non-Regression. The results show that ANN reads mostly from experiences and
understands the basic domain rules of concrete strength. Ghasem and Zahediasl (2012) concluded that
normality ought to be assessed each visual normality test. Shapiro-Wilk test, using SPSS software package, is
strongly counselled by the authors. Armstrong et al. (2002) have stated the type of experimental style and a
statistical model utilised in the study. The benefits and limitations of the suitable ANOVA techniques are also
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mentioned with straightforward knowledge from clinical experiments in optometry. Parmar et al. (2013)
studied ready-mixed concrete by utilizing self-reliant sample t-tests via SPSS software. Duan et al. (2013) have
shown that ANN has fair potential to predict compression strength of RAC made through diverse forms and
origin of recycled aggregate. Abolpour et al. (2015) presented statistically analysed findings through concrete
experiments. Limbachiya et al. (2012) in their research found that 30 percent RCA NA replacement to optimal
replacement level and 30 percent RCA FA concrete have shown very similar performance to NA concrete. In
their study, Poon et al. (2007) concluded that the usage for a higher proportion of recycled aggregate in
reinforced aggregate is reduced by an addition of 25 to 35 percent of fly-ash and some drawbacks arising from
the usage for recycled aggregates in concrete. Kou et al. (2012) demonstrate a durability of concrete is often
enhanced by the combined effect of recycled aggregate along with fly ash. Kou et al. (2013) studied log term
durability and mechanical characteristics of concrete over ten years and found that, elasticity modulus and
compressive strength of the concrete made by 100 per cent recycled concrete aggregate was smaller compared to
control concrete. Kim et al. (2013) reported the lower compressive and tensile strengths of concrete was caused
by a high recycled aggregates percentage. Brend (2009) noticed the durability and strength of concrete were
significantly enhanced by adding recycled aggregate and fly ash in concrete. Saravanakumar and Dhinakaran
(2013) found that 50 per cent cement replacement with FA and 50 per cent NA replacement with RA have
acceptable results by sacrificing strength around 40 to 50 per cent with a substantial cost reduction. Ashraf
(2013) in his research found that RAC properties composed of a combination of 75 per cent NA and 25 per cent
RCA showed no noticeable improvement in concrete properties. Saravanakumar et al. (2014) found that up to
50 per cent of NA could be substituted with RA and up to 50 per cent of cement could be substituted with FA
and it has a reasonable result. The mechanical characteristics of the RAC was studied and compared with the
NAC by Frondistou-Yannas (1997). The the RAC achieves a compressive strength of 76 per cent and an
elasticity modulus of at least 60 per cent compared to NAC. Dhir et al. (1998) studied concrete with 100 per
cent coarse and 50 per cent fine recycled aggregates has 20 and 30 per cent lower compressive strength than
normal concrete. Hansen and Narud (1983) noticed the water-cement ratio was primarily influenced by the
recycled aggregate concrete strength. If this ratio for recycled aggregate concrete equals to or larger than natural
aggregate concrete, the RAC strength will be higher than natural coarse aggregate concrete and vice a versa.
Hansen and Hedegkd (1984) stated that the addition of concrete admixtures has a lower or zero effect on the
properties of recycled aggregate concrete. Jayasuriya et al. (2018) in their numerical study concluded that an
aggregate stiffness and mortar matrix stiffness were most greatly affected by compressive strength. The present
research pioneers the empirical model obtained for compressive strength and tensile strength which can be used
for optimizing the proportions of a concrete mixture using any acceptable method of optimization or tool for any
regression analysis. The detailed outcomes from the ANOVA model are discussed in the subsequent sections.

2. Research Methodology

The aim of the present research is to analyze the given data of different concrete mix having a different water-
cement ratio by statistical method. The objectives of the study include -

To check if the given experimental data is consistent and follow the Normal distribution.
To learn a combined effect of fly ash and recycled aggregate using one way ANOVA test for the given
practical data.
e To select the best choice in terms of reliability of strength of the given sampled data by deriving a
mathematical equation.
The four data sets collected for 16 different types of concrete mix, for 7, 28 and 90 days of testing
respectively for compressive strength and tensile strength having w/c ratio 0.38 & 0.45 are given below:

Table.1.Four experimental data sets based on Compressive strength and Tensile strength

Sr. No. Mix Compressive strength  Compressive strength Tensile strength Tensile strength
Designation ~ (N/mm2) of Mix Aw/c (N/mm2) of Mix Bw/c (N/mm2) of MixA (N/mm2)of MixB wic
ratio 0.38 ratio 0.45 w/c ratio 0.38 ratio 0.45

7 days 28 days 90 days 7 days 28 days 90 days 7 days 28 days 90 days 7 days 28 days 90 days

1 NAC 35.64 46.00 56.75 32.33 4322 5200 3.2 3.44 3.7 3.1 3.28 3.8

2 RAC20 34.07 45.01 54.00 3166 4033 5033 316 3.39 3.8 3.03 322 371

3 RAC30 31.84 42,00 5229 2877 39.70 4800 303 336 374 296 315 3.67

4 RAC40 29.01 4051 4945 2711 3611 4566 299 331 371 289 304 361

4606



Turkish Journal of Computer and Mathematics Education Vol.12 No.6 (2021), 4605-4612

Research Article

5 RAC50 27.18 37.65 47.00 2399 3399 4399 289 327 368 285 297 3.49
6 RAC100 2391 3459 46.96 2059 29.77 4221 281 321 364 279 294 334
7 RAC20+F10 32.07 44.00 5723 3033 3833 5499 279 316 387 264 285 381
8 RAC30+F10 29.00 4214 5500 2777 3711 5111 275 3.09 381 261 279 3.8
9 RAC40+F10 26.58 39.39 51.73 2511 3399 4784 271 296 377 254 277 371
10 RAC50+F10 25.00 35.99 48.77 19.62 3044 4533 268 289 371 249 272 365
11 RAC100+F10 20.19 3325 47.09 1822 2749 4362 262 282 366 241 268 353
12 RAC20+F20  30.07 4223 51.33 29.00 36.11 49.11 258 274 358 232 263 339
13 RAC30+F20  27.99 38.17 49.99 2599 3465 4533 253 263 352 226 259 334
14 RAC40+F20 25.19 35.66 45.77 2395 30.99 4201 249 258 344 221 251 324
15 RAC50+F20 22.73 31.25 4133 1833 2799 3899 243 253 339 219 246 301
16 RAC100+F20 20.44 28.77 3933 17.03 25.77 3411 236 247 331 201 241 287
Table 1 summarizes the concrete mechanical properties by means of compressive and tensile strength. It shows
the experimental results conducted on Natural Aggregate Concrete (NAC) & concrete having recycled aggregate
and fly ash with w/c 0.38 & 0.45 for compressive and tensile strength of concrete. Concrete was tested at 7 days,
28 days& 90 days of curing. In the first stage, the naturally occurring aggregate was replaced with recycled coarse
aggregate by 20%, 30%, 40%, 50% & 100% and the test was performed. In the second stage, the naturally
occurring aggregate was replaced with recycled coarse aggregate and cement was replaced with industrial waste
material fly ash in 10% & 20% by weight of cement.
3. Statistical Data Analytics
This section includes three major analytics which determines the infer underlying the data sets. For
hypothetical statements, the level of significance is 5% and the decision rule is- if any of the significant (p) value
is greater than 0.05, then accept the given Null hypothesis HO, otherwise reject it. The details of the analytics and
the respective interpretation are given below:
3.1. Coefficient of variation: Based on the ratio of dispersion (Standard Deviation) and central tendency
(Arithmetic Mean) values, the coefficient of variation defines the comparative consistency of the data set. Low is
the coefficient value and high is the consistency.
Table. 2. Coefficient of variation based on Compressive strength and Tensile strength
Sr.  Mix Designation Compressive strength Compressive strength  Tensile strength Tensile strength
No. (N/mm2) of Mix A w/c (N/mmz2) of Mix B w/c (N/mm2) of MixA (N/mm2)of MixB
ratio 0.38 ratio 0.45 wi/c ratio 0.38 wi/c ratio 0.45
7 days 28 days 90 days 7 days 28 days 90 days 7 days 28 days90 days 7 days 28 days90 days
. fﬂre':r‘]met'c 2756 3854 49.63 2499 3412 4591 275 299 365 258 281 350
Standard 456 502 505 500 504 523 025 033 016 033 027 028
2 Deviation
Coefficient of 1555 1303 1047 19.99 1477 1139 9.17 1109 436 1288 955 807

3 Variation%

The standard deviation could be an outline live of the variations of every observation from the mean. The
mean and variance of a collection of information describe the central tendency (the average value) and therefore
unfold a collection of data. Detail analysis of the coefficient of variation for all the experimental data is presented
in Table 2. Both for Tensile and Compressive strength, Coefficient of variation for Mix A is more consistent as
compared to Mix B. Internally, Coefficient of variation, in each set, 90 days composition stands least and hence
most consistent, as compared to 7 and 28 days, Tensile strength mixes are low as comparing with compressive
strength mixes. Tensile strength of Mix A Ratio 0.38 for 90 days, stands least among all the other and hence
seems to be most consistent. Tensile strength of Mix B Ration 0.45 for 90 days stands second least among all the
other and hence seems to be next most consistent.

3.2. Normality test: This test is conducted on four data sets, which includes two for Compressive and Tensile
strength each. Based on frequency curves, the following are the graphs for the two data sets given in Figure 1 (a)
for Compressive Strength for Mix A Ratio 0.38 and Mix B Ratio 0.45 respectively.
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Figure 1.(a).Normality curves for the two compressive strength data sets

Figure 1(b) reflects frequency curves. Following are the graphs for the two data sets given for Tensile
Strength for Mix A Ratio 0.38 and Mix B Ratio 0.45 respectively.
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Figure 1. (b). Normality curves for the two tensile strength data sets

Fig.1 (a & b) shows that Compressive and Tensile strength of Mix A at 90 days reflects the bell shape curve
to support the normality test. For the results of Tensile strength test, Mix A is the best case to support the
normality curve.

Normality test by Shapiro-Wilk: The normality curve obtained above seems to be inadequate to reveal the
normality test. As recommended by AsgharGhasem and Saleh Zahediasl (2012), Table No.3 provides the
significant values obtained using the SPSS package.

At 5% level of significance, the hypothetical statements under consideration are:

Ho: The data follow the normal distribution vs Hy: The data do not follows normal distribution.

Table. 3. Significant values for Normality test by Shapiro-Wilk Test

Shapiro-Wilk Compressive Compressive Tensile strength Tensile strength
Test strength (N/mm?) of  strength (N/mm?) of (N/mm? of MixA (N/mm?) of MixB
Mix A w/c ratio 0.38 Mix B w/c ratio 0.45 w/c ratio 0.38 wi/c ratio 0.45
7 days 28 days 90 days 7 days 28 days 90 days 7 days 28 days 90 days 7 days 28 days90 days
Statistics 0.978 0.971 0.966 0.941 0.976 0.981 0.969 0.927 0.932 0.964 0.965 0.905

Significant value 0.946 0.852 0.773 0.366 0.918 0.972 0.820 0.216 0.264 0.731 0.761 0.098

Significant values for Normality test by Shapiro-Wilk test are presented in Table 3. Since all the Significant
values are greater than 0.05, we have enough evidence that all the data sets support normality test.

3.3. ANOVA Test: Since all the data sets have passed the normality test, the next stage is to perform ANOVA
one way at 5% level of significance. To test the influence of different fly ash composition (treatment effect), and
the design specification to perform one way ANOVA are

(i) Each data set is based on the no. of days of curing at 7, 28 and 90 days respectively.

(i) The three treatments under consideration are RAC, RAC+F10 and RAC+F20. Here F10 and F20 are the
partial replacement of cement with fly ash.
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(iii) Each RAC combination has 5 replications RAC20, RAC30, RAC40, RAC50 and RAC100.
At 5% level of significance, the hypothetical statements under consideration are:

Ho: There is no significant difference between the three sets of treatments for given no. of days vs H;: There
is some remarkable difference between the three sets of treatments for given no. of days.

Table. 4 .Significant values for ANOVA Test

Statistics Compressive Compressive Tensile strength Tensile strength
strength (N/mm?) of  strength (N/'mm? of (N/mm? of MixA (N/mm? of MixB
Mix A w/c ratio 0.38  Mix B w/c ratio 0.45 wi/c ratio 0.38 wi/c ratio 0.45
7 28days90days 7  28days 90 days 7 days 28 days90 days 7 days 28 days90 days
days days

F-Statistics 1.183 1.457 2927 0.683 1.531 2640 3146 54.94 19.92 60.48 41.89 13.31
Sig.value  0.340 0.271 0.092 0524 0.256 0.112 0.000 0.000 0.000 0.000 0.000 0.000
H, Decision Accept Accept Accept Accept Accept Accept Reject Reject Reject Reject Reject Reject

Significant values for ANOVA test are presented in Table 4. Since all the significant (p) values for
Compressive strength are greater than 0.05, we have enough evidence to accept Hoy and conclude that there is no
remarkable difference between the three sets of treatments for given no. of days. The mix of fly ash and its variant
do not have any significant impact. On the other hand, since all the significant (p) values for Tensile strength are
smaller than 0.05, we have enough evidence to reject Hy and accept H;. To conclude that there is some significant
difference between the three sets of treatments for given no. of days. The mix of fly ash and its variant have a
significant impact.

The post ad-hoc Turkey test reflects that in case of Tensile strength of both the Mix for 90 days composition
showed significant variation is shown between the set of RAC without fly ash and RAC with F20. Similarly
significant variation between the set of RAC with fly ash F10 and RAC with fly ash F20. Internally RAC without
fly ash and RAC with F10 both the cases stand without any internal variation. These signify that RAC without
fly ash and RAC with F10, both combinations are not too much effective as compared to the remaining two
combinations.

3.4. Model Building for Reliability of Strength: The significant variation in the Tensile strength, due to the fly
ash for 90 days in both the mixes, is future studied for their reliability of strength. The predictive model is trained
using the first four data point of RAC20, 30, 40 and 50 respectively and then at last RAC100 is tested. The R?
value and the error between the actual value and the predicted value are studied. The minimizations in absolute
error % provide the optimum solution regarding the reliability of the Tensile strength.

Table 5:Model Building details

Statistics Tensile strength (N/mm?) of Mix A w/c Tensile strength (N/mm?) of Mix B
ratio 0.38 for 90 days wi/c ratio 0.45 for 90 days
RAC RAC+F10 RAC+F20 RAC RAC+F10 RAC+F20
Equation y =-0.003x + y =-0.005x + y =-0.006x + y=-0.007x y=-0.005x + y=-0.012x +
3.869 3.972 3.71 +3.872 3.942 3.674
R’ Value 0.965 0.994 0.992 0.939 0.929 0.901
Actual value
of RAC100 3.64 3.66 3.31 3.34 3.53 2.87
Predicted
value of 3.569 3.472 3.65 3.172 3.442 2.479
RAC100
Absolute 7.10% 18.80% 34.00% 16.80% 8.8% 39.00%
Error %

The significant variation in the Tensile strength, due to the fly ash for 90 days in both the mixes is future studied
and presented in Table 5. All the six models reveal the linear relationship between waste mix and the without/with
fly ash composition. All the R? values are above 0.90 which provide very good reliability of the model to predict
the future value and avoid the over-fitting of the data. The absolute error percentage in case of without fly ash in
case of Mix A is least and hence it is one of the best choices. Similarly, the absolute error percentage in case of fly
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ash F10 in case of Mix B is least and hence it is also one of the best choices. Thus, the error minimization reflects
the optimum choice of the utility of fly ash composition in case of both the mixes.

4, Conclusion

The verticals and horizontals of statistical measures provide the insights for Recycled Aggregate in Concrete
for reuse of materials in civil construction work. The major highlights are as follows-

i. The Compressive strength is ineffective in case of fly ash composition and it was less than 30%. This was
verified by the facts and figures of the coefficient of variation and ANOVA one way test.

ii. Coefficient of variations for Tensile strength especially in the case of 90 days stood consistent.

iii. All the data set were passed in the normality test performed by Shapiro-Wilks test. Normality using graph
was not enough for the normality test.

iv. ANOVA one way for the fly ash composition especially in case of Tensile strength for both the mixes for 90
days showed enough variation and was further tested for its reliability.

v. All the above four points reflect the vertical of the data sets. For horizontal measure, the linear relationship
between the waste mix % and the without/with fly ash provided the reliability of the model.

v. The absolute error values in case of Tensile strength of mix A, without fly ash and in Tensile strength of mix
B, with fly ash F10 seemed to be the best choice in terms of reliability of it’s strength.

Thus the 90 days mixes for Tensile strength provides the best choice among all and can be further optimized
on its various combinations.
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