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Abstract

Abstract

A new mathematical model for the prediction of the engineering properties
of geopolyemer concrete incorporating with mineral admixtures materials
was proposed and developed in this study using a linear regression equation
an artificial neural network (ANN) and Statistical Package for the Social
Sciences (SPSS). Mixing proportional elements such as {cement, fine
aggregate, coarse aggregate, water to binder , and mineral admixtures such
as (fly ash, silica fume, metakaoline, ground granulated blast-furnace slag,
and rice husk ash)} were the variables used in the prediction models.
Variability was taken as output parameters of the workability and hardened
characteristics of geopolyemer concrete. The results obtained using the two
methods are then compared and discussed. Models provide a reasonable
estimate of geopolyemer concrete strength properties comprising mineral
admixtures materials and have provided good correlations with the data
used in this research, according to the review.

The correlation coefficients for fresh concrete preparing including the
predicted (slump results) was 0.8778 using SPSS software. While using
ANN software gives 0.92 as a correlation coefficient for slump results.

The correlation coefficients for hardened concrete properties including the
predicted compressive strength at 3, 7, 28 and 90 days were 0.94, 0.93, 0.91
and 0.96, respectively. And the correlation coefficient for the prediction of
splitting tensile strength at 3, 7, 28 and 90 days were 0.9333, 0.95, 0.903
and 0.94, respectively. The correlation coefficients for the predicted flexural
strength was measured for 3, 7 and 28 days were 0.86, 0.87, and 0.87,
respectively.

For Geopolymer concrete durability permeability at (90 curing days) has

been collected to predict correlation coefficients, which equal to 0.97.



Abstract

Furthermore, despite differences in findings, the presented models showed
to be a helpful tool in forecasting compressive strength of various
geopolyemer concretes. Those based on artificial neural networks
outperformed models based on linear regression model. The use of an
artificially neural networks to forecast compressive strengths in additives
concrete at different curing durations has a great deal of potential in aspects
of linear equations, and it's especially good at determining non - linear
trends and relationships that are difficult to calculate with traditional

techniques.
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Chapter One Introduction

Chapter One

Introduction

1.1. Background

Joseph Davidovits and French scientists used the term "geopolymer" in the
1970s to describe a category of source materials created by reacting an
alkaline solutions with an aluminosilicate powders (Davidovits, 1991).
Because of diversity of formulations, geopolymer is known by many
distinct names, including inorganic polymers and alkali-activated materials
(AAM). Some believe that geopolymers should be called alkali-activated
binders with low calcium precursors including calcined clays and low-
calcium fly ash (LCFA) (Davidovits & Davidovics, 1991; PSWM Duxson
et al., 2007).

Geopolymer concretes technology entails the creation of more
ecologically friendly waste-based concretes that might be a viable
alternative to traditional concretes. Nevertheless, in order to generate
acceptable early strengths qualities, conventional fly ash-based geopolymer
concretes needs a high temperature curing process, that is a significant
constraint for cast-in-place concretes applications. The majority of prior
research on geopolymer concretes has been on the qualities of concretes that
have been pre-hardened by thermal curing and/or harsh chemical
remediation (for example alkali activation with concentrated sodium
hydroxides (NaOH)). Burning coal fly ash is gotten a lot of interest among
the several aluminosilicates that have been researched for

geopolymerization (Khale & Chaudhary, 2007).
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The use of industrial solid waste materials has sparked the advancement of
geopolymers, principally to meet the growing environmental and economic
Issues that industry has in dealing with these wastes. The two primary solid
alumino - silicate sources that were extensively explored to generate
geopolymers seem to be burning coal blast furnace slag and fly ash. Owing
to ever-increasing global energy demand and industrial activity, these
would be industrial effluents products generated in vast amounts all over
the globe. They're frequently placed in landfills, not that this is a long-term
solution, particularly as environmental rules get more rigorous. Landfilling
Is not only expensive because of legal and logistical challenges, however it
also has long-term ecological impacts. Toxic metals are often found in these
kind of industrial wastes, which might also leach and contaminate
underground water. For certain applications, geopolymerisation allows
discarded dangerous chemicals to be converted into commercially viable
products with equal or even better qualities than cement-based products
(Bondar et al., 2011; Djwantoro et al.,, 2004; Xu et al., 2006).
Geopolymerisation seems to be another effective method for immobilizing

toxic metals in waste materials. (Zhang et al., 2008).

It is widely known that the manufacture of Portland cement (PC)
necessitates a significant amount of energy and contributes around 7% of
total carbon dioxide emissions in the environment. Approximately 50% of
CO2 has been directly emitted into the air in cement manufacturing when
the limestone has been heated in the calcination process. Just 40% has been
emitted into the environment as a consequence of the burning fuels to raise
the temperature the rotary furnace, and the remaining 10% has been
evaluated for quarrying and transportation (Mahasenan, Smith and
Humphreys, 2003; Yu, 2019). Furthermore, one ton of cement requires

approximately 2.8 tons of raw materials; this is a resource-depleting process
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that consumes a vast number of natural materials including limestone and
shale for the manufacturing of cement clinkers (Guo et al., 2010).
Moreover, the concrete industry requires around one trillion litres of adding
water each year. In the same vein, behind the steel and aluminum industries,
cement is among the most energy-intensive building materials, requiring
roughly 110-120 kWh in a normal cement plant to manufacture one ton of

cement (Mejeoumov, 2007).

Nonetheless, OPC cementing materials amount for the vast bulk of
cementitious material used in concrete production. As a result, much
research has been done to produce a new material that may be used as an
alternative to OPC (Provis et al., 2015); geopolymer technology was
developed initially by Davidovits in France in 1970. The high utilization of
waste materials in the mixing ratio of geopolymer concretes (GPC) reduces
greenhouse gas emissions by roughly 70% compared to PC concretes (Weil
et al., 2009).

1.1. Mineral Admixtures

To increase the quality of concrete, mineral admixtures are added.
Rice husk ash (RHA), metakaolin (MK), ground granulated blasts furnaces
slags (GGBS), silica fumes (SF), and Fly ashes (FA) are mineral additives
that have varied qualities that impact the characteristics of concretes.
Mineral additives' stated advantages are often linked to concrete's hardening
qualities. Mineral additives, on the other hand, may change the
characteristics of wet concretes in one or more of the following manner
between blending and hardening: supply of water, hydration's heating
setting time, bleed, and reactivity. There seems to be no literature that
describes the influence of various mineral additives on the characteristics of

new concretes, according to the researchers.
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Furthermore, the impact of additives on the mechanical and durability
characteristics qualities of concrete has remained an interesting topic.
However, the impact of additives on the qualities of new concrete is critical,
since these attributes might influence the concrete's mechanical and
durability characteristics. The chemical product, mineral amount, shape,
fineness, and glassy phase amount of these silica and alumina resources all
influence their reactivity.

The raw materials must be extremely amorphous, have a suitable reactive
glassy amount, have a low water requirement, and be able to release
aluminum readily as the essential criteria for generating stable geopolymers.
To activation alumino - silicate materials, alkali activators including
potassium silicate (K,SiO3), sodium silicate (NaSiO3z), potassium
hydroxide (KOH), and sodium hydroxide (NaOH) were utilized. When
comparison to NaOH, KOH has a higher alkalinity level. However, it was
shown that NaOH seems to have a larger capability for liberating silica and
alumino monomers (Khale & Chaudhary, 2007). Geopolymer
characteristics may be improved by selecting the right raw ingredients,
mixing them correctly, and designing the processes to fit the purpose (Peter
Duxson et al., 2007). Given the relevance of the topic, Italy, Spain, and
France collaborated on the creation of a "Cost-effective geopolymeric
cement for benign stabilization of hazardous components (GEOCISTEM)",
which was funded by the European Commission. The goal of the
experiment was to make geopolymeric cement by substituting potassium
silicates with less expensive alkali volcanic tuffs (Davidovits et al., 1999).
The solid alumino-silicate powders reactions with alkaline hydroxide/alkali

silicate produces geopolymers.
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A variety of variables impacted the mechanical properties of Geopolymer
Concrete (GPC). The kind of an alkaline activators, its amount, and the
curing temp all have a substantial impact on the development of mechanical
strengths (Falah et al., 2020). The kind and amount of activator may affect
workability and strength development. When comparison to OPC mortar
(OPCM), geopolymer mortar (GPM)-based slag reacted by Na,CO; and
NaOH produced excellent early strength, however the 28-day strength has
been reduced. The GPC-based slag shrinkage triggered by such a high
liquids sodium silicate amount was much greater than that of OPCC.

At room temp, water cured GPC-based slag had greater early strength
than OPC (Collins & Sanjayan, 2002). The GPC-based fly ash shows low
strength and the slow strength has been achieved once treated at the room
temp. The geopolymerisation process and, as a result, the mechanical
characteristics of GPC are improved by heat curing. The GPC-based fly ash
strength may be increased by heat curing for a long time and at a high
temperature. Although heat curing for GPC-based slag accelerates strength
increase in the early stages, it results in lesser strengths at a later stage than
samples treated at room temp. This is related to the rapid pace of reactivity
that might have serious consequences including increased shrinkage and

reduced strength.

1.2. Benefits and Drawbacks of Geopolymer Concrete

Geopolymer concretes seems to be a cutting-edge material, which may be
utilized in transportation infrastructures, specific projects, and offshore
structures instead of typical Portland concrete or cement. It is extremely
resistant to a number of the difficulties, which lead to create standard
concretes to crumble and cracking. This is done by employing natural

materials that have been little treated or industrial waste.
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Portland concretes take longer to cure than geopolymer concretes. During
24 hours, they had gained the majority of their strength. This post will go
over some of the primary advantages and disadvantages of geopolymer

concretes.

The main benefits and drawbacks of Geopolymer concrete were presented
(Neupane et al., 2018):

1.2.1. Geopolymer Concrete’s Benefits

It was a modern substance that makes typical concretes seem less
impressive. Here are a few of the most significant benefits of geopolymer

concretes.

1. High Strength: It does have a good compressive strength, which is
greater than conventional concrete. It also has a short strength
development and cure time, making it a great choice for speedy builds.
The tensile strength of geopolymer concrete is quite high. It is less
brittle and therefore can sustain greater movement than Portland
concrete. It isn't totally earthquake resistant, but it does hold up better
than typical concretes in the event of an earthquake (Reddy et al., 2016).

2. Very Low Creep and Shrinkage: The dry and heat of the concrete, as
well as the water evaporates from the concrete, may generate serious
and potentially deadly fissures in the concrete. Geopolymer concrete
should not need hydration, is less porous, and shrinks less than ordinary
concrete (Wallah, 2009). The creep rate of geopolymer concrete is
exceedingly low. In layman's terms, creep refers to a concrete's
propensity for being irreversibly warped as a consequence of continual

stresses.
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3. Resistant to Heat and Cold: It can resist temps of above 2200°F
without losing its stability. Concrete may spall or have layers break
apart due to excessive heating, lowering its stability. Spalling in
geopolymer concrete does not happen until temps above 2200°F. It has
developed a resistance to freezing in cold weather. Even though the
pores are so small, water might still pass through hardened concrete.
Water freezes and expands as temperatures dip below zero, causing
cracks to develop. Geopolymer-based concrete would not freeze (Zhao
& Sanjayan, 2011).

4. Chemical Resistance: It is chemically resistant to a high degree.
Geopolymer concretes is unaffected by acids, hazardous waste, or salt
water. Corrosion seems to be unlikely to develop with this concretes in
the same way as it does with ordinary Portland concretes (Kurtoglu et
al., 2018).

1.2.3. Geopolymer Concrete’s Drawbacks

Despite the fact that geopolymer concretes seem to be the super concretes
that will ultimately replace conventional Portland concrete, they do have

some disadvantages:

1. Difficult to Create: Geopolymer concretes have unique handling
requirements and is highly difficult to produce. It necessitates the use
of potentially toxic chemicals, including sodium hydroxide (Masoule
etal., 2022).

2. Pre-Mix Only: Owing to the hazards of making geopolymer
concretes, it is only available as a pre-cast or pre-mixed product
(Harrison & FCPA, n.d.).
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3. Geopolymerization Process is Sensitive: This area of research has
shown to be inconclusive and very turbulent. It seems to be a lack of

consistency (Masoule et al., 2022).

Despite the fact that the notion of geopolymer concrete appeared to be
fantastic and may be the finest thing to occur to concrete because Portland,
there have been still too many unresolved issues that may cause major

delays in the mixing and application process.

The importance of concretes properties may be an advanced method
involving several external factors. Variety of improved prediction
techniques are projected by together with empirical or process modeling,
applied math techniques and computer science approaches. Several attempts
are tested to mode this method throughout the employment of technique
like finite part analyses. While, variety of analyses efforts focused on
multivariable regression model to enhance the prediction accuracy. Applied
math models can perform predictions faster than any other technique
(Siddique et al., 2011). Hence, during last decades, many modeling
depending upon Artificial Intelligence (Al) methods are presented,
including fuzzy logic (FL), genetics algorithms (GA), and artificial neural
networks ANN, which used in many engineering applications (Akkurt et al.,
2004). Therefore, in this study new models for predicting the hardened and

fresh properties of GC are presented.

1.3. Study Objectives

This study is performed so as to present new predictive models to predict
the engineering properties of the geopolymer concrete made with multi
blended mineral admixtures. Also, in this study, an examination of the

potential of statistical SPSS and ANN program in predicting of the
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properties of the geopolymer concrete and mortar mixtures mineral

admixtures is presented.

1.4, Study Outlines

This study consists of five chapters, these are:
Chapter One: includes general introduction, study objective and outlines.

Chapter Two: involves a review of relevant literature, material properties

and effect of mineral admixtures.

Chapter Three: describes the methodology of the work. Such as, how the
data is collected, establishment of the database, and data

analysis using SPSS and ANN programs.
Chapter Four: demonstrates the results of the study and discussion.

Chapter Five: provides the conclusion of those study and recommendation

are presented in chapter 5.
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Chapter Two

Literature Review

2.1 Chemical Reaction of Mineral Admixtures with OPC

The reaction of FA with ordinary Portland cement (OPC) takes place in two
stages. The major reaction in the first step, throughout early curing, occurs
with CaOH2; nevertheless, the pace of reaction is dependent on the curing
temp. The slower CaOH2 activation at room temp slows down the response
rate. The efficiency of using fly ashes in concrete is determined by a
number of variables, involving the following: 1) the chemical and stage
composition of OPC and FA,; (2) the reaction system's Ca(OH)2 content; (3)
the FA particle morphology; (4) the fineness of OPC and FA; (5) the
formation of heating throughout the early hydrolysis reaction; and (6) the

decrease in mixing water needs with FA.

Early stage characteristics and rheology of concretes are influenced by
changes in FA chemical reactivity and composition (232, 2003). Durability,
strength development, and With a constant supply of moisture, the lime
interacts pozzolanically with the FA in the second step, producing
additional hydration products with a fine pore structure. The pozzolanic

response might well be described as follows:

Calcium hydroxide + silica = tricalcium silicate + water

1
3Ca(OH), + Si0, = 3Ca0 - Si0, + 3H,0 :

2.2 Environmental issues of Cement Production

The production of cement leads to the release of carbon dioxide into the
atmosphere, resulting in contamination. Increasing demands on cement

concrete's strength and longevity drive the use of admixtures, additives, or

10
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both for particular applications. Geopolymer, an alternative binder made
from highly concentrated aqueous alkali hydroxide or silicate solution and
strong alumina silicate reactive elements, has the ability to reduce cement
concrete's considerable carbon footprint (Assi et al., 2016; Mohammed &
Fang, 2011; Vora & Dave, 2013).

The cement manufacture produces greenhouse gases both direct and indirect
due to: limestone heating releases carbon dioxide, whilst fossil fuel
combustion to heating the oven indirectly adds to Carbon dioxide and

pollutant emissions.

e Calcination is a chemical process that results in direct cement
emissions. Calcination occurs when calcium carbonate-based
limestone is heated and decomposes into Carbon dioxide and calcium
oxides. This process accounts for around half of all cement

manufacture emissions.

e Indirect emissions are produced as a result of the burning of fossil
fuels to heat the furnace. Furnaces were often powered by coal and
natural gas, and the combustion of these fuels produces additional
Carbon dioxide emission, just as it does in the creation of electricity.
This accounts for around 40% of cement emissions. Finally, the
energy used to power additional plant equipment and final cement
transportation is an indirect emissions source that contributes for 5-

10% of industry emissions.

11
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Figure (2.1) Flowchart of pollutant and recycling of waste materials (Shin et
al., 2020)

2.3 Fresh Properties of Geopolymer Concretes

The viscosity and cohesiveness of fresh geopolymer concrete are very high,
and it has a limited workability (Rangan et al., 2005). When water is added
to fly ash-based concrete, it shows an extremely quick rate of chemical
reaction, resulting in flash set in a matter of minutes, rendering it unusable
(Cross et al., 2005).

Furthermore, increasing the quantity of rice husk ashes significantly

enhanced the workability of new concretes, particularly in the coarser size

12
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case. The results show that substituting rice husk ash for cement increases
concrete's workability and compressive strengths while lowering its water
permeability (Olivia, et al., 2008).

Chindaprasirt & Ridtirud, (2020) studied the usage of natural rubber latex
as an ingredient in a high calcium fly ash geopolymer. The combinations
included a great calcium fly ash geopolymer with natural rubber latex
(medium ammonia concentration latex kind) contents of 0, 1, 2, 3, 5 and
10% by weight of fly ashes. Geopolymer mortars have been created for this
project. For all mixes, the sand to fly ash proportion was 2.75, the liquid to
fly ashes proportion was 0.6, and the Na,SiO; to NaOH proportion was
0.33. Surface abrasion resistant, flexural strengths, compressive strengths,
apparent porosity, absorption, and Workability have all been evaluated. The
test revealed that the optimal natural rubber latex concentration in
geopolymer mortar had been 1.0 % by weight of fly ashes, resulting in
enhanced mechanical qualities, a minor loss in workability, and a longer
setting time. Increases in rubber particles, interface, and spacing between
rubber particles and paste began to lower compressive strengths when more

than 1% by weight of fly ashes latex was added.

Zhang et al., (2018) examined the properties of geopolymer mortars,
including fresh performance (workability, setting time, and temp of fresh
mortar), physical characteristics, mechanical characteristics (fracture
behavior, bonding behavior, flexural performance, elastic characteristics,
tensile strengths, and compressive strengths), durability characteristics
(shrinkage characteristics, water absorption, frost resistant, resistant to high
temperatures, and acid resistant), and migratability characteristics (acid
resistant, resistant to high temperatures). The features of numerous kinds of
geopolymer mortars made with diverse source materials as base materials

are also discussed in this research. According to the present study's
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findings, geopolymer mortar has shown substantial practicality and
application potential as an environmentally friendly construction material

that might eventually replace standard cement mortar.

Umniati et al., (2017) used retarder additive to improve the geopolymer
concretes workability (Plastocrete RT6 Plus). The amount of retarder
utilized ranges between 0.2 %, 0.4 %, and 0.6 % of the mass of fly ashes.
Geopolymer concrete with no retarder (0 %) was also created as a control.
The activator utilized in this study was Na,SiOz in a 1:5 proportion with
NaOH 10 M solution. The findings revealed that a geopolymer concrete
with 0.6 % retarder had the best composition, with an initial setting time of
6.75 hours and a final setting time of 9.5 hours. Furthermore, the droop of
the geopolymer concretes has been 8.8 cm, with a 240 mm slump flow. The
geopolymer concrete has a compressive strength of 47.21 MPa after 28
days. The experiment revealed that the more retarder applied to the

geopolymer concretes, the longer it takes to set, enhancing its workability.
2.4 Mechanical Properties of Geopolymer Concretes

Jindal, (2019) constantly studied to enhance the mechanical characteristics
of geopolymer concretes and mortars while curing at room temp, in order to
expand their use in building construction. The influence of different mineral
additions on the microstructure, durability, and mechanical features of
geopolymer concretes and mortars is summarized in this review study.
Under normal temp settings, geopolymer products combined with these
components exhibited a considerable increase in durability and mechanical
characteristics. The findings suggest that geopolymer combinations with
specified qualities might well be created for ambient temp curing using
mineral additions, potentially promoting them as an ecologically friendly

building material.
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(Parveen and colleagues, 2019) The mechanical and microstructural
features of the geopolymer paste created from industrial waste rice husk
ashes (RHA) and ultra-fine slag are presented in this research. Slag particles
that are ultra-fine, having an average particle size of 4 to 5 microns. RHA is
partly replaced with ultra-fine slag at various amounts ranging from 0% to
50 Statistical Package for the Social Sciences. The proportion of sodium
silicates to sodium hydroxide is 1.0, while the alkaline liquid to binder
(AL/B) proportion is 0.60. With varied amounts of NaOH, the setting time,
compressive, and flexural strengths have been examined up to the age of 90
days. SEM, EDS, and XRD on fractured specimens were used to investigate
the microstructure of the composite geopolymer paste. High compressive
and flexural strengths, as well as improved setting times, were achieved
using a RHA-based geopolymer paste combined with ultrafine slag. At all
ages, strength rose as the concentration of NaOH increased. The slag's ultra-
small particles worked as a micro-filler in the paste, enhancing the
characteristics by increasing CASH, NASH, and CSH. With 30 % slag
concentration and 16M NaOH, the max compressive strengths of 70 MPa
has been attained. The microstructure of the paste was densified by 30%
substitution of RHA with ultra-fine slag, according to XRD, SEM, and EDS
data.

He et al., (2013) Mechanical compression testing, X-ray diffraction, and
scan electrons microscopy were used to evaluate the mechanical
characteristics, microstructure, and geopolymerization responses of a
different type of geopolymer composite made from two industrial wastes,
red mud (RM) and rice husk ash (RHA), and the resulting samples were
characterized by mechanical compression testing, X-ray diffractions, and
scan electrons microscopy. Curing for a long time enhances compressive

strength and Young's modulus while reducing ductility. Higher RHA/RM
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proportions are associated with increased ductility, stiffness, and strength,
but too much RHA might just have the reverse effect. The compressive
strengths of the produced geopolymers with nominal Si/Al proportions of
1.68-3.35 varies from 3.2 to 20.5 MPa. The final products were often made
up of an amorphous geopolymer binders with both inherited and neoformed
crystalline forms as fillers, resulting in a composite with a complex
composition and highly variable mechanical characteristics. Uncertainties in
composition, microstructure, the amount of RHA dissolution, and reactions
might be possible roadblocks to using RM-RHA based geopolymers as a

building material.

Olivia et al., (2017) To get an excellent high strength, microstructure, and
long-lasting product, geopolymer materials must be cured at a high
temperature. In the case of cast in situ geopolymer, nevertheless, ambient
temperature curing is preferred and practicable. The geopolymer is blended
with calcium-rich mineral additives including slag, Ordinary Portland
Cement (OPC), and high calcium fly ash to enable curing at room temp.
Ordinary Portland Cement (OPC) was used in this work to induce setting
and hardening of the Palm Oil Fuel Ash (POFA) geopolymer mortar at
room temp. The POFA geopolymer mortar's setting time, compressive
strength, and porosity have all been evaluated. 0 %, 20 %, 25 %, 30 %, 35
%, and 40 % OPC were added to the geopolymer. The alkaline activator
employed was a mix of NaOH (16M) and Na,SiO3 in a 2.5 mass proportion.
At room temp, the POFA geopolymers mortar was cast and cured. At 28
days, adding 35 % OPC to mortar enhanced the setting time by 99.44 %,
improved the compressive strength by 95.46 %, and lowered the porosity by
5.27 %. It may be inferred that adding OPC to the geopolymer material

might increase its setting and ultimate strength.
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2.4.1.Compressive Strength

This feature has been thoroughly researched in the lab, and the bulk of
geopolymer concrete research papers included information on it. The
parameters that control GPC's compressive strengths have been briefly
addressed below. (Shehab et al., 2016) found that replacing 50% of ordinary
Portland cement (OPC) with fly ash increased flexural strengths, splitting
tensile strengths, bond strengths, and compressive strengths, whereas (Vijai
et al., 2011) discovered that replacing 10% of fly ashes with OPC in GPC
mixture risen flexural strengths, split tensile strengths, and compressive
strengths. The addition of a 24-hour time before curing enhanced the GPC
compressive strengths, according to (Lloyd & Rangan, 2009). When
concretes is cured at room temp, it has a low early strength, however when
it has been cured at high temp, it has a large strength increase. It must be
mentioned that a longer curing time improves the geopolymerization
process and, as a consequence, the concrete's strength; nevertheless, a
longer curing time at a higher temp causes the concrete to fail. Compressive
strength was often greater when the initial curing temp and time were

higher.

The temp and time of initial heat curing have a crucial impact in the
strength development geopolymer mortar-based fly ash, according to
(Adam & Horianto, 2014). The best heat curing temperature has been
determined to be 120 degree centigrade for 20 hours. According to (Joseph
& Mathew, 2012), the ideal temp is 100 degree centigrade, whereas
(Chindaprasirt et al., 2007) found that the optimum duration for curing at 60
degree centigrade is 3 h. The ideal curing temp, according to these experts,
Is 75 degrees Celsius. e response took 7 days to reach its max strength, and
no additional strength has been seen. The significance of first heat curing
has also been noted (Abdullah et al., 2011; Almuhsin et al., 2018; Vijai et
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al., 2011). The compressive strength of concrete treated to one hour of
furnace curing at 90 degree centigrade increased by 56 %, according to the
latter study. Compressive strength was improved by increasing the heat
curing period to 90 and 110 hours. (Gorhan & Kurklu, 2014) looked at the
time of heat curing and discovered that when heat curing (65 and 85 degree
centigrade) has been extended from 5 to 24 h, compressive strength
increased. Curing for more than 24 hours had no discernible influence on

the strength.

Moreover, a range of (Na,SiO3/NaOH) ratios have been utilized to make
geopolymer concrete. For example, (Topark-Ngarm et al., 2015) employed
a various proportion of Na,SiO3/NaOH and observed that compressive
strength rose as the ratio of Na,SiO3z/NaOH grew. According to Joseph and
Mathew, the quantity of aggregate material in the geopolymer mixing ratios
has an impact on the compressive strengths of the FA-GPC (Joseph &
Mathew, 2012). They conducted an experimental lab study using various
aggregate volumes ranging from 60% to 75% , and found that the FA-GPC
with a total aggregates amount of 70 ercent, a sand-to-total aggregates
proportion of 0.35, a molarity of 10, a I/b of 0.55, and a Na,SiO3z/NaOH
proportion of 2.5, once cured for 1 day at 100 , provided compressive
strengths of 52 MPa.

According to tests conducted by (Kumar et al., 2017), the proportion of 7
days to 28 days compressive strengths of ternary mix GPC is between 88
and 90 %. Other experiments (Nguyen et al., 2020) found that 7 days could
reach more than 93 % of the 28- day compressive strength, independent of
fly ash kind, heating curing technique, or GGBS substitution. In contrast,
measurements by (Chi, 2017) found that the proportion for mortar cure at
65 degree centigrade is 88 %, that is higher than the 66 % for regularly

cured mortar. The compressive strength proportion of 7 to 28 days has been
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determined to be 73 % and 88 % for the GPC-based metakaolin mixture
exposed to typical air curing. Experiments on self-compacting GPC made
of fly ashes and metakaolin reveal that the 7-day compressive strengths was

comparable to the 28-day strength.

Depending on (Nguyen et al., 2020), increasing the water/solid proportion
from 0.2 to 0.3 reduces the compressive strengths of FA-based GPC for
alkaline-to-binder proportions of 0.3 and 0.4, whereas tests by (Junaid et al.,
2020) for GPC subjected to initial curing at 70 degree centigrade (Furnace)
for 24 h revealed that the optimal water/binder proportion is 0.25 to reach
optimal compress When the alkali/fly ash proportions was increased to
0.45, which was less than 0.5, the strength increased (Abdullah et al., 2011;
Mustafa Al Bakri et al., 2012). The optimal liquid alkali/fly ash proportions
has found to be 0.4, whereas experiments by (Phoo-Ngernkham et al., 2018)
show that raising the alkaline activators solution/fly ashes proportion from
0.4 to 0.9 reduces compressive strengths for both M10 and M15 NaOH
solution. For GPC-based GGBS, optimum compositions of solid/liquid
proportions has been indicated to be 3.0 specifying the proportion of 0.33
for the alkali/GGBS proportion.

The maximum compressive strength was observed in a NaOH solutions
with a molarity of 12, whereas subsequent experiments revealed that the
optimal molarity is 14. These findings contradict those of (Raijiwala &
Patil, 2010), who found that a molarity of 16 yields the maximum
compressive strengths. In comparison, (Samantasinghar & Singh, 2019)

found that the maximal compressive strengths requires a molarity of 8.

(Jawahar & Mounika, 2016) discovered that the max compressive strength
Is connected to the use of GGBS, and that if this substance is partial

replacement of natural with fly ashes, silica fumes, or metakaolin, there
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seems to be a strength loss, or that if the basic Pozzolana is forced to
replace with GGBS, there seems to be a strength enhancement. The later
authors came to the conclusion that replacing fly ash with GGBS is a good
alternative to oven curing. Almost identical results were achieved by
(Saravanan & Elavenil, 2018). Slag's advantage over fly ash for GPC
treated to various curing regimens had also been noted (Prakasam et al.,
2020). In other studies, replacing up to 30% of the fly ash with GGBS
resulted in a 30% improvement in compressive strength, independent of the
curing temp. On the other hand, (Yunsheng et al., 2007) found that
substituting 50% of metakaolin with GGBS resulted in the highest
compressive strength. (Raut et al., 2019) obtained the same observation on
geopolymer concrete with fly ash substituted by GGBS. Depending on
(Okoye et al., 2016), substitute of fly ashes with silica fumes up to 40 %

was found to be helpful to enhance compressive strength

It is indeed worth mentioning the impact of other variables on GPC
strength. According to tests conducted by (Joseph & Mathew, 2012), the
optimal overall aggregate is 70% and the fine/coarse aggregate ratio is 35%
for a 0.55 alkali/fly ash mix. (Saini & Vattipalli, 2020) discovered that
adding 2% nano silica to self-compacting GPC increased workability,
mechanical performance, and durability. According to tests, replacing 5%
of the GGBS with sugarcane bagasse ash (SCBA) results in the maximum
modulus of elasticity, splitting tensile strength, and compressive strength.
Compressive strengths of fly ashes GPC, on the other hand, enhanced as the

calcium aluminate cement content increased.
2.4.2.Splitting Tensile Strength and Flexural Strength

Indirect tensile strengths and flexural strengths were following the same

pattern as GPC's compressive strengths, and generally, rising compressive

20



Chapter Two Literature Review

strength was associated with enhancing both flexural strengths (fr) and
splitting tensile (fsp). The geopolymer concretes splitting tensile strengths
has been just the compressive strength a fraction, according to (Rangan et
al., 2005) test findings. There are, nevertheless, notable exceptions to the

overall reaction indicated by certain researchers.

According to (Ryu et al., 2013), the tensile strengths rate growth slows as
compressive strength increases. In contrast to compressive strength,
substituting fly ashes with GGBS had a smaller influence on flexural and
splitting tensile strengths. Experiments by (Oderji et al., 2019) revealed a
decrease in flexural strength when the %age of fly ash replaced with slag
went from 15 % to 20 %, despite the fact that this alteration improves
compressive strength. In comparison to the modulus of elasticity of GPC,
(Hassan et al., 2019) found that pre-heating concrete at 75 degree centigrade
for 26 hours significantly improved compressive and flexural strengths.
Other experiments (Saravanan & Elavenil, 2018) found that, in comparison
to compressive strength, there might be a considerable increase in splitting
tensile strength when 50% of fly ashes has been substituted with GGBS.
The modulus of elasticity characteristic has been observed in the same way.
When comparing the data provided by (Partha et al., 2013) to the data
provided by others, it was discovered that utilizing a particular heat curing
method increases the flexure/compression proportion while decreasing the

tensile/compression proportion, as compared to ambient temperature curing.
2.4.3.Modulus of elasticity and Poisson’s Ratio

The modulus of elasticity (Ec) of GPC follows the same trend as its
compressive strengths, and depending on studies conducted by (Rangan et
al., 2005), the modulus of elasticity of GPC increases as compressive

strengths increases. The GPC modulus of elasticity is unaffected by the
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curing process, according to (Nath & Sarker, 2017). In comparison to
compressive strength, (Saravanan & Elavenil, 2018) found that when 50%
of fly ash has been substituted with GGBS, the modulus of elasticity

increases significantly.

In comparison to the other qualities, the Poisson's proportion has received
less attention, and as a result, there is a scarcity of test data. Poisson's
proportion magnitudes range from 0.23 to 0.26, which is somewhat higher
than the magnitudes attributed to OPC-based concrete of normal strength.
Other researchers discovered lower Poisson's proportion magnitudes for
certain GPCs. Unlike the other qualities indicated, the GPC compressive
strengths does not fluctuate on a regular basis. This feature decreases when
compressive strength decreases, but (Sofi et al., 2007) observed that
Poisson's proportion increases as compressive strength increases. Other
studies reveal that, contrary to other GPC features, increasing the amount of
fly ash replaced with GGBS reduces the Poisson's proportion. Overall, this
tendency might make formulating formulas for forecasting Poisson's ration

more difficult; nevertheless, this issue was resolved in the present study.
2.5. Shrinkage Properties for Geopolymer Concrete

Concrete shrinkage occurs when the concrete's volume decreases over time.
Shrinkage, unlike creep, is unaffected by the concrete's exterior activity.
There are three forms of shrinkage, according to (Neville, 2000): drying
shrinkage, carbonation shrinkage, and plastic shrinkage. Once concrete
seems to be in a plastic condition as a result of evaporation or water suction
by the underlying soil or concrete. Plastic shrinks with time. Carbonations
happen once CO2 from the atmosphere interacts with wet cement, causing
shrinkage. Drying shrinkage is a reduction in volume resulted in water

lossing from the gel pores throughout the drying process. Drying shrinkage
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accounts for a large portion of overall long-term shrinkage. The volume and
rate of drying shrinkage improvement are affected by the same parameters
that impact concretes drying. The drying shrinkage is affected by the kind
of cement, the amount of cement or binder, the amount of water, the water

to binder proportion, the aggregates kind, and its size.

(Wallah, 2009) conducted research on Geopolymer concretes, using low-
calcium fly ashes as raw materials, an alkaline solutions, and aggregates
typically utilized in OPC concrete. Heatcured fly-ashes-based geopolymer
concretes had a very low drying shrinking strain, researcher discovered. The
drying shrinkage strains fluctuated somewhat over time, with a magnitude
of roughly 100 micro strains after a year of testing. All test series of
samples with varying compressive strengths that have been created from
various blends and curing techniques, had no substantial differences after
one year. The Gilbert Technique predicts magnitudes of drying shrinkage
strain that are five to seven times greater than the actual drying shrinkage

strain.

The shrinkage and microstructure properties of alkali-activation fly
ashes/slag (AFS) mortars and pastes were studied by (Lee et al., 2014). Fly
ashes, slag, and Na,SiO3; have been mixed with distilled water to make the
AFS mixes. Chemical shrinking of the alkali-activation fly ashes/slag paste
was lower (0.06 0.10 mL/qg) than that of the OPC paste, while autogenous
shrink of the paste consists of AFS has been greater than those of the OPC
paste. The overall porosity dropped as the slages or Na,SiO3; concentration
increased, and the mesopore volume fell at the same time, as the matrix got
denser owing to the development of additional reaction products. The AFS
mortar exhibited more drying shrink than the OPC sample, which might be
due to the increased capillary stress induced by the AFS mortar's bigger

mesopore comparison to the OPC mortar's.
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Chapter Three
Methodology

In this chapter the following subjects will describe.
1. Flowchart
2. Collection of data
3. Analysis of data
The best way to understand the procedure used for designing the predictive

model, is through the flowchart shown in Figure (3.1).

Collection of data

. find best activation function

. find best correlation variable

Regression Analysis

Are results acceptable

Yes

Simulate and get results

Figure (3.1) Analyzing flowchart
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3.2. Statistical Analysis

3.2.1. Non-Linear Regression modelling

Statistical Package for the Social Sciences (SPSS) software is utilised
for quantitative analysis and is utilised as a full statistical package
depending on an interface point and click. From the data of creation in1960
by Norman in cooperation with other programmers (Hadlai and Bent), this
computer-programming has been commonly version 20 utilised by

scientists to conduct quantitative analysis.

3.2.2. The Criteria of Efficiency

Presentation and evaluation of the effectiveness criteria utilised in this
research. These are three criteria: determination’s coefficient, Mean
Absolute Error, and Root Mean Square Error to provide enough data on the

errors of systematic in the simulation modelling as illustrated below.

3.2.2.1. Determination Coefficient (r)

During this investigation, the determination coefficient, r, was written by:

S (Y- vp)

r= L o oo &0
If r is 1.00, the model is treated as excellent (Erzin and Cetin, 2012).
3.2.2.2. Mean Absolute Error (MAE)
The Mean Absolute Error MAE was represented by:
1
MAE = =371 |y - yp| (3.2)
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The above variables were utilised to evaluate the performance of the
developed SPSS model. If MAE is equal to zero, the model is treated as
excellent (Erzin and Cetin, 2012).

3.2.2.3. Root Mean Square Error (RMSE)

The mean root square error was written by eqg. (3.3):

n B 2
RMsE = [Znboon) (3.3)

Where RMSE is 0, the model is treated as excellent (Erzin and Cetin, 2014).

3.3. Artificially Neural Networks Approaches (ANN)

The artificially neural networks system (ANN) is amongst the most
statistical procedures in the global, which can carry out the most complex
problems with the goal that it would appear that the human brain and
consist of various simple, profoundly interrelating preparing components,
which procedure data by their dynamic condition response to exterior
inputs. This system is based on a massive neural units that collection
closely resembles how a real brain solves problems using a massive
biological neurons collection linked by axons. ANN seems to be a
mathematical model conducted by neurons; each node receiving input data,
and that is the sum of the weights of previous neurons' outputs, and the
neuron responds to this data input using a non-linear activation and biased
magnitude. Artificial neural network system, generally, has 3 layers
specifically, the input, hidden, and output layers. The input layer neurons
receive input data from the exterior condition. Input layer does not play out
any computations. Hidden layer neurons, which receive input data from the

input layer performs calculation and gives the outputs to the output layer.
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The output layer comprises of neurons that import the output of the network
to the client or outside condition (Guo and Uhrig, 1992). In the ANN
system, the number of hidden layers neurons decided from an
experimentation procedure. If the neurons number in a hidden layer is
excessively enormous, the approach will gain an overfit, i.e., the approach
will have a problem in popularization. The datasets of training will be
remembered and accordingly making the system useless on validation or
testing stage. So as to developed (ANN) approach, many models of ANN
were analyzed by alteration the number of hidden layers and the number of
its neurons and the function of the training dataset (Beale and Jackson,
1990).

3.3 Models Structure of ANN

The structure of a neural number models may be stated as an ANN i-j-k,
where | is the neural number of the input nodes, (j) is the neural numbers of
the hidden layers, and (k) is the neural numbers of the output layers. The
neural power program seems to be a neural artificially neural networks
(ANN) that is used to calculate the bias and weights parameters that reduce
mistakes in the output parameters. In order to obtain the input-output
correlation, every procedure is provided a synaptic weight to indicate the
proportional connecting strengths of 2 nodes at both sides. Figure (3.2)
explains the neural network structure and shows the procedure of reading
the neural and obtaining the corresponding neural number and its
connections. The solution assumed to be reached the most suitable iteration.
The learning and momentum rates are 0.8; learning configurations
settlements and learning configurations bound values are shown in Figures
(3.3) and (3.4).
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Figure (3.4) Sample of learning configurations bound values.

Because of the sigmoid function's behavior, the ANN output scale starts at

zero and cannot exceed one; in these kind of instances, the data of the
hidden layer and output layer must be scaled (CPC-X, 2003). Figure (3.5)

shows a feasible strategy for developing neural predictions.

3.3.1. Input layer

The layer of input for all modelling based on the varables that are founded

from data. The weight of input layer could be assumed up as follow: X1 is
first variable’s explanatory (H), X, is (a), X3 1S (¢), X4 is (X¢), Xsis (Y¢), X

Is the last variable’s explanatory (R).
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3.3.2. Hidden layer

The data relocation from the input layer to the hidden layer and process
with functional activation and bias magnitude as displayed below:

1

a¥; = (1T_yj) (3.5)

3.3.3. Output layer

This layer will receive and process then display the layer’s hidden

results as output neural system upshot as following:

Vi = fBr +EW,, oY

1

e = Gre )

(3.6)
Where:

Xi = the variables of input,

Yy & Yj = The magnitude of sigmoid function power output and input,
respectively.

Bi & B;=layers’ hidden and output bias magnitudes, respectively.

Wi ; = the connection weights between input layer’s neurons.

Wi, k = the connection weights between layer’s hidden neurons.

oY;& oY), are upshot magnitudes of layers’ output and hidden,

respectively.
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Figure (3.5) The methodology flow-chart for expecting geopolymer

concrete properties

3.4. Performance Criteria

The procedure developed to evaluate the behavior of ANN design involves

gaining the smallest statistics measuring of error between computed and
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expected magnitudes. The coefficient of correlation (R2) between the
computed and predicted magnitudes is a beneficial indicator to monitor the
prediction performance of the model. In this study, to enumerate the
agreement between computed and predicted magnitudes, we practiced 5
numerical events: Nash- Sutcliffe efficiency (NSEC); the absolute mean
error (MAE); the error of root mean square (RMSE); Agreement Index (d);
Variance (VAF).

The formulations for calculating the previous 5 statistical behavior criteria

are stated as following:

3.4.1. Root Mean Square Error (RMSE)
The regularly utilized measure of the variances between magnitudes
(sample magnitudes) expected by a modelling or an estimator and the

observing magnitudes. It is calculated as:

n Y
RMSE = L —yp)” (3.7)
n

3.4.2. Mean Absolute Error (MAE)
Error of Mean Absolute is a metric evaluation modelling utilized with
models of regression. The error of mean absolute of a model with
respecting to a set of test is the mean’s absolute magnitudes of the separate
expectation errors over all examples in the group of test. Every expectation
error is the difference between the true magnitude and the predicted

magnitude for the example. It is calculated as:

MAE = -3 |yy — | (3.7)
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Chapter Four

Results and Discussion

4.1. General

As previously reported, study is performed so as to present new
predictive models to predict the engineering properties of the geopolymer
concrete, made with multi blended mineral admixtures. Also, in this study,
an examination of the potential of statistical SPSS and ANN program in
predicting of the properties of the geopolymer concrete and mortar mixtures
multi blended mineral admixtures is presented. An analysis program has
been undertaken to achieve this aim, as defined in chapter three. In this
chapter, the test results are explored in terms of SPSS and ANN analysis to

predict fresh and hard geopolymer concrete properties.

4.2. Statistical Parameters

After supporting the SPSS program by all the variables needed in the
multiple linear regression equation, the statistical parameters of the
regression analysis (R, R? adjusted R? standard errors) described in
Table (4.1).

Table 4.1 Statistical Parameters

oert = r2 | Adjusted R® | Standard error

property the estimate | of the estimate
Slump flow (mm) 0.93690 | 0.8778 0.959 59.54859
Compressive strength | 4 96953 | .94 0.938 70.543
(MPa) (3 days)
Compressive strength | 5 9e436 | 0.93 0.927 5.48715
(MPa) (7 days)
Compressive strength | 9539 0.91 0.903 6.38385
(MPa) (28 days)

33




Chapter Four

Results And Discussions

Compressive strength

0.97979 | 0.96 0.96 4.50064
(MPa) (90 days)
Splitting tensile (MPa) | 9660 | 0.9333 0.923 71.28
(3 days)
Splitting tensile (MPa) | 9746 | 0.95 0.943 0.48704
(7 days)
Splitting tensile (MPa) | o 95026 | 0.903 0.932 9.54065
(28 days)
Splitting tensile (MPa) | o 96953 | .94 0.995 0.17785
(90 days)
Flexural Strength 0.927362 | g5 0.427 6.132
(MPa) (3 days)
Flexural Strength 0.932738 0.87 0.757 0.492
(MPa) (7 days)
Flexural Strength 0.932738 | (g7 0.729 2 529
(MPa) (28 days)
Shrinkage (mm) 0.942178 0.8877 0.809 0.418
(3 days)
Shrinkage (mm) 0.942178 | ( gg77 1 0.001
(7 days)
Shrinkage (mm) 0.943398 | gg 0.454 5.403
(28 days)
Shrinkage (mm) 0.943398 | (5 gg 0.969 0.00
(90 days)
Permeability (90 days) | 0.984886 | 0.97 0.962 11.452

1. Correlation Coefficient: It measures the relations between variables.

The value of correlation between negative and correct one

When:
a.R=0

—I1l=R =1

b. R = (positive)

c. R = (negative)

No relation between variables

strong relation between variables

inverse relation between variables
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2. Determination of Coefficient R*: This coefficient represent the %age of
the independent variables contribution to explain the change in the

dependent variables. Its normal value is (0 — 1).

3. Adjusted Coefficient of determination (Adjusted R?): It take into the

number of independent variables.

4. The standard error of regression, known also as (standard error of
the estimation): Represent the average distance that the actual value fall

from the regression line.

4.3. Fresh Properties of Geopolymer Concrete (GPC)
Workability of GPC mixes was studied using slump cone test. The fresh
geopolymer concrete mixes were observed highly harsh and particularly in

the case of GPC produced slump less concrete.

Figure (4.1) demonstrate the correlation between the slump from SPSS and
slump from data for predicted slump, where the best model expression for
the regression coefficient (R?) value was 0.8778. Figure (4.4) demonstrate
the correlation between the slump from ANN and slump from data for
predicted slump, where the best model expression for the regression
coefficient (R?) value was 0.92. However, ANN present better regression

coefficient comparison with SPSS results.
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Figure (4.1) Slump results for Geopolymer concrete by SPSS.
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Figure (4.2) ANN structure of Slump results prediction.

Outputs

The best ANN connections from the succeeded model are utilized to

evolve the forecast models for Flexural strength as illustrated in Figure

(4.24)
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VWeights Distributions

Figure (4.3) ANNs Weight Distribution of the succeeded model for Slump
results.
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Figure (4.4) Slump results for Geopolymer concrete by ANN.

It can be noticed from Figure (4.3 and 4.4) that the correlation between the
predicted and actual values obtained from the above equations for GPC
slump flow property is always positive, where R is 0.933 , R? is 0.8715, and

adjusted R? is 0.83,which mean there is a strong relation between variables,
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hence, the results obtained in this study agrees with results obtained by
(Oyebisi et al., 2020).

4.4. Hardened Geopolymer Concrete’s Mechanical Features

Understanding the behavior of geopolymer concrete with different
minerals additives beam specimens requires a thorough understanding of its
mechanical features. The strengths of compressive, splitting tensile,
Flexural; and shrinkage are among the mechanical properties of hardened

concrete predicted in this research.

4.4.1. Compressive Strength

The strengths of compressive for geopolymer concrete has been
predicted by using statistical analysis (SPSS) and An artificial neural
network (ANN). Figure (4.5) demonstrate the correlation between the
compressive strength from SPSS and compressive strength from data for
predicted compressive strength, where the best model expression for the
regression coefficient (Rz2) value was 0.94. Figure (4.8) demonstrate the
correlation between the compressive strength from ANN and compressive
strength from data for predicted compressive strength, where the best model
expression for the regression coefficient (R2) value was 0.9635. However,

ANN present better regression coefficient comparison with SPSS results.

From (4.6) it can be seen clearly that the correlation between the
predicted and actual values obtained compressive strength with age of 7
days are always positive, where R is 0.931 , R? is 0.867, and adjusted R? is
0.8, which mean there is a strong relation between variables.

Finally, depending on mixture parameters, a multinomial model has been

created to estimate the CS of additive concrete. Table 4.1 summarizes the
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regression models by listing the statistical factors derived at the 95 %
confidence level, which is a typically utilized level in statistical data

analysis.

Predictive models of compressive strength(CS) , as derived by MRA, are as

follows=

For 3 curing days
CS=-3.812CA -0.242FA +1.988FSH -1.684GGB +10.580SL -0.164NH
+2.927NS +2.682W +2.371SP

e [For 7 curing days
C.S= 0.939CA -4.830FA +7.877FSH -1.217GGB +4.574SL +0.568NH
+6.948NS +10.454W -2.310SP

e For 28 curing days
CS= 8.365CA +6.004FA +0.774FSH +0.536GGB -0.191NH -2.188NS
+1.028W -1.903SP

e For 90 curing days
C.S=2.302CA+ 0.922FA +1.1990FSH +3.11GGB +1.065NH +0.862NS
+0.404 W -2.815SP
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Figure (4.5) Compressive Strength for Geopolymer concrete by SPSS at 3,
7, 28 and 90 curing days.

The best ANN connections from the succeeded model are utilized to
evolve the forecast models for Compressive Strength as illustrated in Figure
(4.6)

Weights Distributions

t + + t + + + + + + + + + + + — + y + + + + + + + u + +
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Figure (4.6) ANNs Weight Distribution of the succeeded model for

Compressive Strength.
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Figure (4.8) Compressive Strength for Geopolymer concrete by ANN at 3,
7, 28 and 90 curing days.
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4.4.2. Splitting Tensile Strength

To be more explicit, data scattering of splitting tensile strengths for
GPC exposed to initial heating curing or ambience curing must be shown,
since the curing system has been discovered to have a significant impact on
every mechanical characteristic, as several researchers have noticed. The
strengths of Splitting Tensile for geopolymer concrete has been predicted
by using SPSS and ANN statistical analysis. Figure (4.9) demonstrate the
association between the Splitting Tensile Strengths from SPSS and Splitting
Tensile Strength from data for predicted splitting tensile strengths, where
the best model expression for the regression coefficient (Rz2) value was 0.95
for 7 curing days. Figure (4.12) demonstrate the association between the
splitting tensile strengths from ANN and splitting tensile strength from data
for predicted splitting tensile strengths, where the best model expression for
the regression coefficient (Rz2) value was 0.9. However, SPSS present better

regression coefficient comparison with ANN results.

Predictive models of Splitting, as derived by MRA, are as follows=

e For 3 curing days
Splitting= -0.449CA -0.672FA -6.020FSH +2.372GGB -6.504SL -0.387NH
-2.575NS -3.697W+1.321SP

e [or 7 curing days
Splitting=1.037CA +6.199FA -5.045FSH +4.710GGB -2.163SL -2.820NH
-7.715NS -12.209W +0.420SP

e [or 28 curing days

Splitting = 2.653CA -1.938FA -4.703 FSH -5.969GGB +3.426NH
+8.659NS +15.408W +2.651SP
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e For 90 curing days
Splitting= -3.339CA +3.766FA -4.264FSH +2.439GGB -2.816NH -
7.097NS -9.497W +3.032 SP
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Figure (4.9) Splitting Tensile Strength for Geopolymer concrete by SPSS at
3, 7, 28 and 90 curing days.
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Figure (4.10) ANN structure of Splitting Tensile Strength prediction.
The best ANN connections from the succeeded model are utilized to
evolve the forecast models for Splitting Tensile Strength as illustrated in
Figure (4.11)

Weights Distributions.

Figure (4.11) ANNs Weight Distribution of the succeeded model for
Splitting Tensile Strength.
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Figure (4.12) Splitting Tensile Strength for Geopolymer concrete by ANN
at 3, 7, 28 and 90 curing days.

4.4.3. Flexural Strength

Rupture Modulus is a method of determining the geopolymer
concretes' flexural strength by using simple beams/prisms with third-point
stress. Geopolymer concretes generally exhibits high compressive strength,
limited endurance, and poor flexural quality that might limit its use in
auxiliary structures (Roy et al., 2000). Figure (4.13) demonstrate the
correlation between the flexural strength from SPSS and flexural strength
from data for predicted flexural strength, where the best model expression
for the regression coefficient (Rz2) value was 0.86. Figure (4.16) demonstrate
the correlation between the flexural strength from ANN and flexural
strength from data for predicted flexural strength, where the best model
expression for the regression coefficient (R2) value was 0.914. However,

ANN present better regression coefficient comparison with SPSS results.
Predictive models of Flexural, as derived by MRA, are as follows=

e [or 3 curing days
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FLEXURAL = -0.758FA +0.195FSH -1.292GGB +0.294SL +1.190NS

+0.727SP

e [or 7 curing days

FLEXURAL= -6.001CA -6.469FA -1.884 FSH

+4.33NH +8.290NS

For 28 curing days

FLEXURAL= 2.848CA +2.859FA +2.754FSH +2.757GGB +2.696W
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Figure (4.13) Flexural Strength for Geopolymer concrete by SPSS at 3, 7,
and 28 curing days.
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Figure (4.14) ANN structure of Flexural Strength prediction.

The best ANN connections from the succeeded model are utilized to
evolve the forecast models for Flexural strength as illustrated in Figure
(4.15)

51



Chapter Four Results And Discussions

Weights Distributions

Figure (4.15) ANNs Weight Distribution of the succeeded model for
Flexural Strength.
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Figure (4.16) Flexural Strength for Geopolymer concrete by ANN at 3, 7,
and 28 curing days.

4.4.4. Dry Shrinkage Results

Drying shrinkage is the reduction in volume of concretes or cement over
time, irrespective of external processes, resulting in cracking or a reduction
in load-carrying capability due to volume loss. Once the sections of a
concretes structure are unable to sustain the stress or the repeated cycles of
expansion, cracks may form. Previous study has shown that geopolymers
outperform standard OPC in terms of expansion and shrinkage resistant

(Ferndndez-Jiménez et al., 2007; Wallah, 2009), as well as thermal
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characteristics once subjected to high temperatures (800 to 1000 degree
centigrade) (Gilbert, 2002).

Figure (4.17) demonstrate the correlation between the dry shrinkage
from SPSS and dry shrinkage from data for predicted dry shrinkage, where
the best model expression for the regression coefficient (R2) value was
0.8877. Figure (4.20) demonstrate the correlation between the dry shrinkage
from ANN and dry shrinkage from data for predicted dry shrinkage, where
the best model expression for the regression coefficient (R2) value was 0.89.
However, ANN present better regression coefficient comparison with SPSS

results.
Predictive models of Shrinkage, as derived by MRA, are as follows=

e For 3 curing days
Shrinkage= 0.211CA +0.061FA +0.306GGB _1.039SL -1.284NH -0.013W
— 0.325SP

e For 7 curing days
Shrinkage = 16.116CA +22.975FSH -0.113GGB -11.015SL +58.238NH -
32.599NS -4.757W -4.720SP

e [or 28 curing days
Shrinkage= -1.680GGB -1.423NH -0.277NS +1.147W +0.542SP

e [For 90 curing days
SHRINKAGE= 9.263CA+1.631FA -0.642FSH +2.548GGB -1.394NH
+3.472NS -1.229W -9.647SP
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Figure (4.17) Dry Shrinkage results for Geopolymer concrete by SPSS at 3,
7, 28 and 90 curing days.
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Figure (4.18) ANN structure of dry Shrinkage prediction.

The best ANN connections from the succeeded model are utilized to
evolve the forecast models for dry Shrinkage results as illustrated in Figure
(4.19)
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Figure (4.19) ANNs Weight Distribution of the succeeded model for

Shrinkage results.
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Figure (4.20) Dry Shrinkage results for Geopolymer concrete by ANN at 3,
7, 28 and 90 curing days.

445, Permeability Results

Sorptivity, permeability, namely absorption, and , water penetrability are
key indicators of concretes durability. Permeability via a absorption,
diffusion, and porous material all contribute to liquid penetration into

concretes. Pores in concretes play a crucial function in allowing liquids and
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fluids to pass through the concrete. Nevertheless, the ability of concretes to
collect and convey water by capillary forces was influenced by its pore
width, tortuosity, continuity, and, distribution, as well as its porosity
(Olivia, et al., 2008).

Figure (4.21) demonstrate the correlation between the predicted
permeability from SPSS and actual permeability, where the best model
expression for the regression coefficient (R?) value was 0.97. Figure (4.22)
demonstrate the correlation between the permeability from ANN and actual
permeability, where the best model expression for the regression coefficient
(R2) value was 0.95. However, SPSS present better regression coefficient

comparison with ANN results.

Predictive models of permeability, as derived by MRA, are as follows=

PERMEABILITY= -2.722CA +2.501FA -3.615 FSH +4.523 GGB -2.043
NH -4.287 NS -4.516W +2.368SP
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2 _
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Figure (4.21) Permeability results for Geopolymer concrete by SPSS at 90
curing days.
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Figure (4.22) Permeability results for Geopolymer concrete by ANN at 90

curing days.
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Chapter Five

Conclusions and Recommendations
5.1 General

In this chapter, the conclusions of the present study obtained from
the statistical results with the limitations of the study. And this chapter was

finished with mentioned recommendations for future researchers.
5.2 Conclusions

From the results of the present study, the following conclusions are

obtained:

1. The main parameters which influence the compressive strength and
fresh properties of Geopolymer concrete are (fly ash, silica fume,
GGBS, Metakaolin, rice husk ash, coarse aggregate, fine aggregate,
NaOH sol, Na,SiO;3 sol, SP and Alkaline activator, w/b).

2. The strength characteristics of Geopolymer concrete (compressive
strength, tensile strength, flexural strength and dry shrinkage) data
have been obtained at (3, 7, 28, 90) curing days. And the prediction
model was created using SPSS and ANN software.

3. The regression coefficient (R2) value for compressive strength were
0.94 and 0.9635 using SPSS and ANN, respectively. ANN present
better regression coefficient comparison with SPSS results.

4. The regression coefficient (R2) value for Splitting Tensile Strength
were 0.9333 and 0.9 using SPSS and ANN, respectively. SPSS
present better regression coefficient comparison with ANN results.

5. The regression coefficient (R2) value for dry shrinkage were 0.8877
and 0.89 using SPSS and ANN, respectively. ANN present better

regression coefficient comparison with SPSS results.
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6.

7.

The regression coefficient (Rz2) value for flexural strength were 0.86
and 0.914 using SPSS and ANN, respectively. ANN present better
regression coefficient comparison with SPSS results.

The regression coefficient (R2) value for flexural strength were
0.8778 and 0.92 using SPSS and ANN, respectively. ANN present

better regression coefficient comparison with SPSS results.

5.3Recommendations For The Future Works

1.

There should be a data bank system for performing compressive tests
for Geopolymer concrete, which can serve as a key input to predicate
models.

It must be taken into consideration the arrangement of variables and
their effect on properties of Geopolymer concrete.

Beware of using inappropriate variables that could cause results to
deviate.

It is possible to find new predictive models by using ANN program
and compare them with the results of SPSS program.

Using different NaOH sol and Na,SiOs; sol molarity in order to
investigated the effect of molarity on the behavior of geopolymer
concrete characteristics such as compressive strength and tensile
strength.

Using data that deals with different curing process such as changing
the curing temperatures and the others factors that effect on curing

like humidity.
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