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A Review on Using ANOVA and RSM Modelling in The Glass
Powder Replacement of The Concrete Ingredients

Abstract

The flat glass powder usage instead of sand is convenient in structurally serviceable and environmentally compatible concrete. The
deposits of glass powder in fibres cement compounds manufacture may add significant technical, economic and environmental necessities.
The cement material and cement replacement by glass powder is chosen as parameters of the concrete. When the waste glass is fined to
very fine dust, it demonstrates a cementitious characteristic due to silica content. Statistical methods and techniques are heavily used in
glass powder replacement. In this paper, fifteen papers are reviewed and investigated to check the availability of using the statistical and
modelling system in discussing the glass powder replacement with some other ingredients results between 2012-2021. We found that most
of the papers depended on the ANOVA test to perform their work. Moreover, central composite face-centred (CFC) and Response Surface
Methodology (RSM) took a part in the studies. From the numerous replicas, a quadratic prototypical was supplied with waste glass
powder in the numbers of the studies that the glass waste powder is the best with its characteristics.

Keywords: RSM, ANOVA statistical analysis, glass powder, concrete.

. INTRODUCTION

Concrete material is widely used today in various
constructional applications, in the world, such as buildings,
dams, bridges, sidewalks etc [1]. [2] The use of recycled waste
materials in concrete structures is among the most attractive
procedures because of the large number of consumptions of
materials [3]

The glass powder is a very fine powder that is made of
ground glass. In many industrial and craft applications, glass
powder has advantages and is available in glass and industrial
suppliers. At the time which is ground to a powder, glass
converts to the best natural pozzolans which are improving the
concrete’s fresh and hardened characteristics. Though concrete
is in its plastic stage, glass powder will upsurge its workability,
S0 minimum energy, cost and time are obligate to place and
combine the concrete.

Glass is a man-made material which is used since the ancient
era. It is fabricated in different forms namely flat glass, container
glass, bulb glass and others with a limited life of [4]. Thus, waste
glass needs to be recycled and reused to protect the environment,
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where this material is considered as completely recyclable waste
without any loss in quality [5],[6]. Rapid modernization and
urbanization in many cities around the world have a great impact
on increasing the rate of municipal solid waste materials,
especially in developing countries. Recently, there have been
modern growing ideas about the material.

Various types of statistician methods and software are been
used in the glass powder effects analysis with the reinforced
concrete beams such as ANOVA test, SPSS software, RSM
modelling, R language and Python language. In this review, we
focus our discussion on the ANOVA test because it was repeated
more than 10 times in the papers we reviewed.

ANOVA is considered a noticeable type of hypothesis
testing in the statical processes which is heavily used in the
experimenting of Data. A test which is resulted from the
calculating of the null hypothesis and the sample is statistically
important if it is considered unlikely to have happened by
chance, considering the fact of the null hypothesis (Neamat
2019a)[7]. Fundamentally, you’re challenging collections to see
if there’s a modification between them. Illustrations of in which
time you could need to test various groups.
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The one-way test means that you have only one independent
factor with two levels. While the two-way ANOVA test
illustrates that you have two independent variables with multiple
levels. Two-way ANOVA with no replication: used at the time
that you have one group with a double-testing of a similar group.
For instance, you’re challenging one set of individuals earlier
and after they take medicine to see if it benefits or not.

Il. LITERATURE REVIEW

Research provides by the author in [8] illustrated the
experimental and statistical models to upsurge the performance
of ultra-high performance concrete (UHPC) with dropping a
cement consumption. Through testing the 28-day compressive
strength, the mechanical characteristics were gotten. The
rheologic feature was initiated by undertaking the flow test. CFC
(central composite face-centred) and (RSM) were used in
numbering and randomize orders of experiments. Numerous
models such as a quadratic model were proposed together with
a glass powder waste accumulation on compressive strength of
UHPCI9]. It characterizes that there was an ideal waste glass
powder. The addition of glass waste powder upsurged 28 days
compressive strength, drying shrinkage, with a flowability of
UHPC. A communication influence between nano-silica and
waste glass powder has experimented on 28 days compressive
strength with drying shrinkage. In a study performed by(Jurczak
and Szmatula 2021), the tasters remained then verified in
regulating an effect of glass waste dust on the chief
characteristics of organized concrete mixtures with the
performance of the concrete once toughened. A paper offering
the outcomes of investigation with an opportunity of
replacement fly ash in accordant recycled waste glass in lower-
strength concrete mixes. The samples tested for 7 and 28-day
compressive strength, water absorption, and freeze-thaw
resistance in the water. The test consequences and their
examination let us accomplish and mix the covering glass
powder which is not only equal to cover the fly ash but even
outpaces them by a wide boundary in accordance to durability.

The authors of [11] investigated the replacing of fine
aggregate with the glass powder wastage in stages of 10%, 20%,
30% and 40% correspondingly by the quantity of cement with
the impacts on compressive strength, split tensile strength,
workability and flexural strength. It originated that the
compressive, flexural and split tensile strengths of concrete
upsurge primarily with glass dust rise to reach a max range at
about 20% and far ahead decrease[12]. Concrete workability is
decreased monotonically by replacing proportion upsurges. A
cement replacing up to about 20% with glass powder may be
completed with no surrendering the compressive strength. In the
study prepared by [13], there is a necessity in changing a portion
of fine aggregate in accordance to a glass waste dust in
decreasing the fine aggregate consuming with ecological
contamination which may be patterned in an approximate
degree.

Some studies have revealed that glass waste may be
efficiently used as a fine aggregate in concrete. The glass waste
once stranded to highly fine dust demonstrates some
cementitious characteristics because of silica content.
Consequently, the cut-glass dust in approximate degree may
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substitute the cement and fine aggregate donates to strong
progress with improving the toughness of concrete. [14]

The statistical Examination software can integrate, analyses,
interpret a huge amount of data in a statistical outline. It can put
on numerous statistical tests and classify data for discovering
sole readings. It can compare two or more variables to discover
statistical comparisons or variations. Analysis of Variance
(ANOVA, is a statistical method used to regulate if changes in
mean values between three or additional collections are by
chance or if they are certainly meaningfully dissimilar. ANOVA
is very useful when examining the multi-item scales mutual in
market research. The author functioned in the research of [15]
illustrated that the glass is an unknown substantial containing a
high percentage of silica content (SiO2) i.e.72% with waste
glass once ashore to a highly fine powder (600 microns)
responds to alkali in cement & cementations production in
assisting the donate to a strong expansion. [16], replacing the
coconut shell with coarse aggregate once studying the
transportation characteristics of concrete with coconut shells
(CS) with replacing of coarse aggregate. He decided that an
upsurge in coconut shells (CS) proportion reduced the concrete
percentage with (CS) fraction remained augmented in the 7 days
curative strong point and is also enlarged of conforming 28 days
curing strength. In the [17] the powder of glass is supplied as a
fine aggregate; delivering with the huge volume of hydration
production. An additional addition of glass in concrete deviated
from the concrete paste construction. A consequential adhesive
covers extra of the durable calcium silicate hydrate (CS-H) than
conservative commentate. In the research completed by [18]
substituted the predictable rough aggregate and coconut shell
and determined with 50% replacing coarse aggregates with
coconut shells, the strength reached decreases habitually from
10%-20% as related to the predictable coarse aggregate
concrete. By replacing 50% standby of coarse aggregates with
coconut shells, the flexural strength achieved decreases
invariably from 10%-15%. Current inspection inspects the
motorized conduct of concrete with secondhand sums from
precast fragments and left-over glass. The research of [19]
presented that cement adhesives of glass powder residue display
a high hydration warmth in judgement to the control. The fifty
per cent by weight replacing of cement to glass powder particles
upsurges a flexural strength of composites at eight days and
afterwards the durability tests. The recycling of usable glass
powder saved valuable characteristics of the glass. Also, it
provides the ability to recover and reuse it. It is considered a
good way to reserve related ordinary resources and decrease
environmental loads. The study covered an experiment made on
the foundation of the central compound design. The accepted
research program largely comprised the description of the
concrete compressive strength, water absorption and freeze-
thaw confrontation after 25 and 100 cycles of freezing and
thawing. Up to the chosen system, the features of air voids in
toughened concrete were also defined[10]

The outcomes displayed the production of 1-ton cement
incompletely substituted by glass powder particles needs less
energy than the cement somewhat substituted by limestone. In
the end, conferring to research, usage of the glass powder
deposit in the producing of fibres cement compounds may offer
significant technical, environmental and economic assistance.
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The glass powder remainder using in the cement industry fibres
can make significant profits in the consumption of cement and
development of toughness of fibres in the cement matrix.

This research displays the analytical with optimization
competencies of response surface methodology through
admiration of new toughened characteristics of waste tire steel
fibre reinforced concrete covering limestone dust. RSM has the
benefit of instantaneously changing selected independent
variables to offer a valuable prototypical of all reply differences.
The variance analysis method (ANOVA) of all possessions
stipulates that the adapted quadratic model stayed talented to
positively forecast the fresh and hardened characteristics of fibre
reinforced concrete with constant fortitude varying between
0.86 and 0.98. Additionally, RSM model prognostic competence
was prepared as actual good for compressive strength,
excruciating tensile strength, slump and water absorption and
satisfactory for FS with Nash & Sutcliffe constant of model
competence[4].

The replacing of cement and cement content by the glass
dust were chosen as the limits in this study. In investigating the
impact of cement content by replacing cement with glass
powder, 117 cubes remained cast and verified under
compression. The consequences were demanded that an increase
of the compressive strength was done in adding extra cement
contented to the mix and replacing of cement with glass powder
up to 14% and 5%, correspondingly. The compressive strength
is originated to be upgraded up to 14% due to adding extra
cement to the mix up to 70% from the control mix. The projected
model has a good arrangement with the outcomes in this
research.

Researchers have examined the glass possesses pozzolana
characteristics according to an upsurge in silica content, so it
may be substituted by fine aggregate to some degree with
improving strength with increasing a concrete toughness. The
chemical conformations of coconut shells occupied underneath
research are nearly alike to that of normal cement. The
percentage of minerals with combinations has functioned in
testing cubes for their workability, compressive strength and
flexural strength. The mixing of both recycled resources
authorize are growing the quantity of recycling coarse which
aggregates the plummeting damage of the concrete mechanical
performance. As a result, enhancing an ecological rate of last
substantial. All models have expounded under workshop
circumstances and unmolded after 24+2 hours. Future, they
were flooded in water with lime at 23+3 °C throughout the
suitable curing time[20].In this specific study, the joint
performance of fine used concrete aggregates with glass powder
of various element sizes in types of cement was considered.
Various combinations are investigated to diminish losses in
mechanical possessions with the toughness to capitalize on the
quantity of replacing resources. According to the late pozzolanic
response of the glass powder, the samples display the extremely
acceptable consequences at 90 days of curing, by standards of
their characteristics adjacent to those of the control mortar [21]

In the investigation donated by the impact of the glass waste
dust with possible cementitious substantial of slag mortar
stimulated by the combination of water glass and sodium
hydroxide. Likewise, the Fundamental compound project and
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answer surface technique were used for the optimization of the
alkali content (sodium oxide equivalent) and an additional ratio
of waste glass dust in maximizing the flexural and compressive
strengths. [22].

I1l. METHODS

This review is prepared following the guidelines of the
systematic literature analysis to achieve the research objects.
According to international Databases such as ScienceDirect,
Scopus, Springer, and IEEE, the keywords such as "ANOVA”,
"RSM" or "Glass powder " were searched for the published
papers between 2012 to 2021. Firstly, around 35 papers were
found. After the screening, some irrelevant papers were
excluded. The rest of the studies were precisely screened, and
15 papers have finally been selected that address the objectives
of this review. The present proposed study aims to discover how
the ANOVA method can be used in civil engineering analyzing
subjects. Also, to compare the methods and equations of the
ANOVA method with RSM methods. Results modelling and
analysis were completed through utilizing the reply surface
procedure (RSM) whichever a mixing of statistic mathematic
methods valuable in showing with analyzing of the dissimilar
subjects. The competence of methods was projected by the
usage of (ANOVA) which is presenting the value of designated
parameters.

The ANOVA test table can be seen in the tablel (The
ANOVA table for the two factors model), Table 2: Some
equations used in the ANOVA Software. The Response Surface
Methodology(RSM) in the statistic discovers the associations
between several descriptive factors and one or more than one
response feature. The technique was familiarized by George E.
P. Box and K. B. Wilson in 1951. The chief impression of RSM
is using a sequence of planned tests to gain the best answer.
Statistical methods such as RSM can be worked to capitalize on
the production of a special substance by optimization of
operational factors. Of late, for preparation optimization, the
RSM, using an appropriate design of experiments, has become
widely used [23]. In contrast to predictable methods, the
communication among procedure variables can be resolute by
statistical techniques[24].

The Portland cement concrete compressive strength has been
analyzed in the specified research in reply to the assimilation of
5%, 10% and 20% of smooth glass powder by the amount of
sand. The study suggests that the smooth glass powder using in
the residence of sand in the aforementioned proportions of
practicable in the appropriate concrete production as a structure
and environmental use [25]. Two-way ANOVA with
replication: Two groups and the members of those groups are
doing more than one thing. For example, two groups of patients
from different hospitals trying two different therapies.
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TABLEI THE ANOVA TABLE FOR THE TWO FACTORS MODEL

The Anova table for the two factor model
(A — fixed. B - random)

Yix =M+ +ﬁj +(aﬁ)i; + &

Source SS df MS EMS F
A SS, a-1 MS o® +na, T ’”;“a' MS /MS
B SS, b-1 MSg o +nac? MSp/MSg, o
AB SS,s | (a-1)(b-1) MS o’ +no, MS \z/MSy o
Error SSkrror ab(n— 1) MSg, o P |

Note: The divisor for testing the main effects
of A is no longer MS,,,, but MS ..

TABLEILI. THE SOME EQUATIONS USED IN THE ANOVA METHOD.
$Sr=9 > 3 (g~ %) df,=n—1 MS; = S5,/df,
% 7 1
55, = ch(x _x2 dfy=r-1 MS, = SS4/df ,
L1
555 = er(ch -z dfy=c-1 MSs = 555/df

i
SSAg=mZZ()?i]—El—Ej+E}Z
T 1
- 82
SSy = ZZZ(XW —Xy)
k_j i

df 5= (r—1(c—1) MS g =SSas/df 45

dfy,=n-rc MSy = SSyw/df

IV. METHODS

Analyzing of the variance (ANOVA) utilized in the
validation of models used in the study accomplished in [8]. The
study resulted in the upgrading of the characteristics of UHPC.
The activities with communications and features of UHPC
performances were showed by ANOVA. To find the finest
replicas, linear, quadratic, and two-factor communication
prototypical were measured in discovering the greatest precise
replicas. Superiority in the usable models was itemized by the
constant of the several resolve R2, which shows the whole
eccentricity of the features for every method.

A likelihood of errors (P-value) with a 95% confidence level
with a statistical significance test at 5% was achieved for model
authentications. the ANOVA consequences for three dissimilar
answers. The outputs illustrate that the replicas were important
at the 5% level of confidence due to the quantity of P-values
which was less than 0.05.

These forecasts were authenticated with a respectable
correlation between a judgement of the experimental with the
projected standard by the absolute relative percentage mistake
of 0.842, 1135 3.6, 1822 and 2.04 for water
consumption/absorption, compressive strength flexural strength,
split tensile strength and slump separately. Planned mathematic
replicas are accomplished by forecasting the essential fresh and
hardened characteristics of fibre-reinforced concrete to notify
initial conclusion creation when used in construction[26]. A
paper displays the investigational outcomes of research
approved involving the compressive strength with slump flow
of ultra-high-performance concrete (UHPC) made the
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cementitious blends of recycled glass flour, recycled glass
powder, micro limestone powder, silica fume, and portland
cement. The adopted second-order polynomic regression model
provided an accurate correlation between the considered
variables and the obtained responses. Numerical optimization
was then performed to get an eco-friendly combination with the
appropriate flow, highest compressive strength, and minimum
content of cement. The use of 603 kg/m3 of cement in the
mixture can be considered as the most appropriate amount to be
employed in UHPC mixtures, fulfilling the limit values of
compressive strength and spread flow. [27]

In the study conducted by the authors in [19], the statistical
analysis was accomplished using Statistical software (version
13.4.0.14). Afterwards an examination of the ANOVA
statement, a valuation was distracted by totally randomized
design (CRD) and a judgement among the average standards by
Tukey test at 5% significance level.

(ANOVA) was accomplished after 7, 14 and 28 times of
curing. The compressive strength test outcomes designate that
the concrete covering a w/c ratio of 0.50 can be utilized for
structural requests, nevertheless, the glass waste contented,
which can be used with a wi/c ratio of 0.55 covering 20% of glass
waste [29].

This investigation proposes the united properties of gap-
graded cement mixed by extra cementitious supplies (SCMs) in
the usage of (RSM). A three-level factor Box— Behnken design
(BBD) is prepared in deliberating subsequent self-governing
factors: fly ash (FA), quartz powder (QP) and silica fume (SF).
Linear, quadratic, and communication association among main
characteristics (original variability, rheologic features, hydration
warmth, motorized features, and volume constancy) and
compound cementitious resources of gap-graded cement paste
which are deliberated.

Analysis of variance (ANOVA) consequences designate that
SF has an important impact on all main possessions of the mixed
cement pastes. The composite desirability function value is
0.939. Henceforth, multi-objective optimization is an actual
technique for enhancing the fresh and hardened characteristics
of multifaceted cement pastes containing SCMs[27]

An investigational and statistical examination is approved
out to examine the effects of three inputs (limestone powder,
glass powder, and alkali content) on the presentation of alkali
stimulated slag mortar. Response surface methodology (RSM)
was utilized to prepare all prepared responses like 28-day
flexural and compressive strength, water absorption, and dry
shrinkage. Examination and alteration presented that all
industrialized models were statistically important. Optimization
was accomplished using the attractiveness method of the RSM
to make the most of 28-day flexural and compressive strength
while minimizing water absorption and drying shrinkage.
(Zhang and Zhai 2020).

The SPSS software package was utilized in the planned
equation to forecast compressive strength comprised of a mixed
amount of UHPC using nonlinear numerous reversions[30]. A
planned archetypal was presented in that it has a good
arrangement with test outcomes. [33]
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Consequences will be analyzed by applying ANOVA.
Depending on the degrees of freedom (df), the sum of squares
(S) and the variance (V) of every one of the constraints, their
importance is resulted to assess their absolute contribution at the
end. This method will measure the impact of each adjustable in
the final characteristics of the substance can be evaluated to offer
the best mixture of the levels of the four variables.

In the research prepared by the authors [21], the consequences
are hopeful once glass powder with slighter size of particles is
utilized according to its filler impact joint with its pozzolanic
action, the creation which is conceivable to substitute up to 20%
of glass powder to a supreme size of 38 mm. To regulate which
mutable has a statistically important impact on the mechanical
and toughness possessions of the examples, ANOVA for every
possession at 28 and 90 days of the situation was achieved,
correspondingly. The implication used is 5%, i.e., a 95%
likelihood that the impact is important. To approximate the
fraction part of every feature in the value of each possession, the
sum of squared differences (SSD) of every feature is used with
admiration to the total of SSD differences. From this is got the
R2 related with the one produced by each ANOVA analysis, it
presents the ratio between the sum of all the differences of the
issues of the model and total model variation. The analysis
variance results (ANOVA) designated that the accurateness of
the industrialized strength replicas depended on the answer
surface technique was acceptable [22].

V. CONCLUSIONS

The study on the long-term performance of concrete made
with glass powder waste is still limited. Additionally, the design
of the effective material constitutive relations for waste glass
powder concrete is not available extensively to forecast the
presence of members at various load ages in finite element
simulation. Additional studies in these orders are measured vital
relied on the products and the model projected. In this review
study in forecasting the compressive strength and the flexural
strength effectiveness by replacing the cement in concrete with
glass powder, the ANOVA statistical analysis is considered the
most usable method with the RSM (Response Surface
Modeling) in most of the reviewed papers. Also, the test
outcomes were demanded that the compressive strength was
improved by adding extra cement content to the mix and
replacing cement with glass powder.
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