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ABSTRACT 

The use of natural resources in different fields increases over time. Governments all over the world 

encourage all officials to achieve sustainability goals. Therefore, scientists developed geopolymer concrete as 

an alternative to ordinary cement-based concrete. The production process of one ton of cement is 

accompanied by emitting approximately one ton of carbon dioxide into the environment. Geopolymer 

concrete is free of cement and based on by-product materials, which increase the sustainability of structures. 

Consequently, it has considerable potential to become the future of green building materials due to its 

advantages in terms of mechanical properties and environmental benefits compared to conventional cement-

based concrete. This paper summarizes a review of the development factors of geopolymer concrete and its 

applications. Moreover, it briefly exhibits the advantages and disadvantages of replacing Ordinary Portland 

Cement (OPC) concrete with newly developed geopolymer concrete. In addition, it reports a review of the 

mix design of geopolymer concrete. Furthermore, it helps the reader better understand the properties of fresh 

and hardened geopolymer concrete. It also outlines and concludes the effect of different components on 

binder properties through proposed flow charts. Several research studies on different structural elements 

made of geopolymer concrete are also presented and discussed. Finally, it provides some practical 

applications for using geopolymer concrete in construction. 
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1. Introduction 

In recent decades, the use of Ordinary Portland 

Cement (OPC) concrete has increased since it is 

available at a low cost and gives high strength [1]. 

Every year, the demand for OPC production 

increases as long as construction practices grow more 

and more. In a study in 2009, it was reported that 

OPC production increased from 594 Mt in 1970 to 

2613 Mt in 2006 [2]. Furthermore, during the period 

between 1999 to 2024, it is expected that the demand 

for cement in the world will be doubled compared to 

that before this period [3]. In addition, environmental 

protection and climate change due to global warming 

have become the concern of many researchers [2], 

[4]. In general, the emission of carbon dioxide into 

the atmosphere significantly impacts global warming 

[5]. In particular, each ton of Portland cement 

production is accompanied by the emission of one 

ton of carbon dioxide into the atmosphere [6]. To put 

it more simply, many researchers reported that 

carbon dioxide increased during 2020 and reached its 

peak record of 419.5 ppm, which increased annually 

at about 3% [4]. It is worth mentioning that these 

records not only due to cement production but 

include other carbon dioxide sources, such as fuel 

combustion and natural-gas processing. Scientists 

consider this value a critical situation that needs to be 

avoided in the following years because this level of 

carbon dioxide affects badly on the environmental 

conditions [2]. Therefore, scientists put their efforts 

into developing new eco-friendly materials that can 

be completely used instead of the OPC in the 

construction industry or at least decreasing the 

amount of OPC in the mix. Various mineral 

admixtures have been used to substitute OPC, such as 

fly ash (FA), Ground Granulated Blast-furnace Slag 

(GGBS), metakaolin, Silica Fume, etc. Moreover, 

Joseph Davidovits, in the last 1970s, developed a 

material that was synthesized by the reaction of an 

aluminosilicate powder with an alkaline solution [7]. 

Using geopolymer concrete leads to significant short- 

and long-term advantages, especially in achieving 

sustainability goals, as shown in Figure 1 [8]. It 

reduces carbon dioxide emission by up to 80% in 
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case of full replacement of OPC in the concrete mix 

[1]. Moreover, using GPC for construction increases 

structures' sustainability and durability, increasing 

their service life. In addition, using industrial waste 

in GPC production reduces environmental pollution 

[9]. Even though all of these mentioned benefits of 

using GPC in construction processes, it still has 

limited applications. This is because of its relatively 

higher construction cost, shrinkage, and quick setting. 

In addition, the standard design codes still do not 

involve the use of GPC in their new editions   ,]10 [

 .]11[ 

 
Figure 1: Advantages of geopolymer concrete in 

sustainable construction 

 

Hence, many studies have been conducted in the 

same field to enhance this new material's properties 

and components [12], [13]. It was found that the 

alkali activator is considered the major component of 

geopolymer and can be either potassium or sodium 

hydroxides. In addition, the presence of the 

precursors, which have low calcium content, such as 

low calcium fly ash, dramatically affects the 

properties of geopolymer concrete [7]. In the study 

by  Roy et al. [12], they found that combining the 

alkali activator with a precursor can enhance the final 

product. In addition, Hassan et al. reported the 

durability properties of GPC as well as its 

characteristics [9]. Likewise, Zhang et al. discussed 

the mechanical properties of GPC in their study [14], 

[15]. Also, they showed the microstructural 

characteristics of geopolymer concrete. According to 

the literature, it was found that several factors affect 

the properties of geopolymer concrete. For instance, 

Jindal's study reported the changes in geopolymer 

concrete properties along with different mineral 

additives [16]. In addition, using different oxides 

compositions in the binder significantly affects GPC 

compressive strength, which was reported by Reddy 

et al. [17]. Furthermore, in order to understand the 

effect of GPC on sustainable development, several 

researchers analyzed the use of rice husk ash (RHA), 

fly ash (FA), and foam in the production of GPC 

under special and ambient curing environments [1]. 

This article reviews the different components of 

geopolymer concrete and their development over the 

decades. In addition, it presents the mechanical and 

microstructural characteristics of geopolymer 

concrete mix and binder. Furthermore, the durability 

properties are discussed in this study. 

 

2. Materials 
 

2.1 Geopolymer components 

 Geopolymer concrete was first presented in 1970 by 

Joseph Davidovits [7]. In some situations, it is a 

construction material that contains a low amount of 

cement or without cement. The replacement of 

cement with an eco-friendly material is the main idea 

of this developed material. Geopolymer is a material 

that contains some agricultural and industrial waste 

which have high alumina and silica content, such as 

Ground-granulated blast-furnace slag (GGBS), Fly 

Ash (FA), and Rice Husk Ash (RHA). Furthermore, 

its production is mainly based on a chemical reaction 

between inorganic molecules [18]. The 

polymerization process needs an alkaline activator, 

which is utilized in order to polymerize the contents 

into molecular chains by activating the bond between 

mix components to end up with a hardened binder at 

normal room temperature [19]. This developed 

material is also called alkali-activated material. This 

activator should contain either Sodium or Potassium 

[19]. Moreover, a great conclusion was found in 2017 

by Chavan et al. that shows a geopolymer concrete 

mix with mechanical properties that are very close to 

those of Ordinary Portland Cement (OPC) [20]. This 

mix included a ratio between the potassium and 

sodium hydroxides equal to one to get the same 

properties. Two main techniques are used in mixing 

the contents; the first is called one-part and known as 

"Just Add Water"; the other is called two-part and 

also known as "Convention Geopolymer Concrete". 

In the first method, water is added to the dry mixture, 

and the activators are also added in a solid form [21]. 

On the other hand, the activators in the second 

method are added in the liquid state. Figure 2 shows 

an example of the constituents of geopolymer 

concrete [22]. In general, the components of 

geopolymer concrete are mainly the activators and 

other materials that contain aluminosilicates in the 

presence of OPC. These materials that contain 

aluminosilicates are obtained from industrial and 

agricultural by-products, as mentioned before [23]. In 

addition, geopolymer concrete may be produced 

using one of these aluminosilicates-rich materials or a 

combination between more than one of them. 

Alkaline activators are mainly used to activate the 
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bond between the contents. Either sodium hydroxide 

or sodium silicate can be used for this process. 

However, whenever a mix of both of them is used, 

this increases the efficiency of the geopolymerization 

step. 

 

Figure 2: Geopolymer concrete (GPC) contents: (a) 

Fine aggregates, (b) Coarse aggregates, (c) Sodium 

Hydroxide, (d) Fly Ash, (e) Sodium Silicate, and (f) 

OPC 

 

3.1.1 Aluminosilicates 

The microstructure of the aluminosilicates is 

amorphous based on alumina and silica. Several 

types of aluminosilicates may be used in geopolymer 

concrete, such as Fly Ash (FA), Ground-granulated 

blast-furnace slag (GGBS), Rice husk Ash (RHA), 

and Silica Fume (SF). Usually, the waste materials 

produced from the industrial and agricultural fields 

contain high portions of silica and alumina, which 

can be used to generate energy. This process 

produces ash as waste material; thus, using it in 

geopolymer concrete production is one of the best 

ways to dispose of it in an eco-friendly way [24]. 

Zain et al. reported in their study the analysis results 

of X-ray fluorescence (XRF) for different 

aluminosilicates, as shown in Table 1 [25]. Even 

though there are different ion concentrations in the 

tabulated aluminosilicates, the performance of 

geopolymer concrete is mainly based on the optimum 

silica and alumina content in the by-product used 

material, which has a significant effect on the 

geopolymerization step, especially the chain reaction. 

Up to this moment, Fly Ash (FA), as well as Ground-

granulated blast-furnace slag (GGBS), can be 

considered the most used binder in the production of 

geopolymer concrete. FA is a byproduct of coal 

burning in power plants, which has suitable chemical, 

physical and microstructural characteristics that 

enable it to enhance the properties of geopolymer 

concrete. For example, the particle size and shape 

help in the geopolymerization process since 

increasing the surface contact area leads to an 

increase in the rate of geopolymerization. 

Furthermore, the porosity of the produced 

geopolymer concrete depends mainly on the degree 

of fineness of the used aluminosilicate [26]. Another 

study by Kamhangrittirong et al. depicts that the 

increase in the compressive strength of FA-based 

geopolymer concrete is mainly affected by the ratio 

of silica to alumina [27]. GGBS comes second after 

FA as an aluminosilicate that is used in the 

production of geopolymer concrete. However, 

geopolymer concrete based on GGBS gives better 

properties in case of curing at ambient temperature 

[28]. Furthermore, selecting the concentration of 

alkaline activators is very important to ensure the 

superior performance of slag-based geopolymer 

concrete. In addition, a combination of GGBS and 

other aluminosilicates can be used to produce 

geopolymer concrete with relatively superior 

mechanical properties [29], [30]. 

 

Table 1: XRF analysis of several aluminosilicates 

[25] 
Composition FA Dolomite Kaolin 

Sources Coal mining Oil palm Nature 

SiO2 52.11 15.37 52.00 

Al2O3 23.59 1.69 35.00 

Fe2O3 7.39 0.51 1.00 

TiO2 0.88 0.015 0.90 

CaO 2.61 23.00 <0.05 

MgO 0.78 17.20 0.70 

K2O 0.80 0.195 2.00 

Na2O 0.42 0.013 0.05 

SO3 0.49 - - 

P2O5 1.31 0.019 - 

Loss - - - 

 

3.1.2 Activators 

The polymerization process of aluminosilicates 

requires the presence of alkaline activators. There are 

different types of alkaline activators, such as 

potassium silicate (K2SiO3), sodium silicate 

(Na2SiO3), potassium hydroxide (KOH), and sodium 

hydroxide (NaOH). In addition, a combination of 

these activators can be used to dissolve the alumina 

and silicate atoms [31]. The higher the concentration 

of activators in the mix, the lower the mechanical 

strength and the higher the shrinkage effect, which 

increases the material's porosity. Hence, a good mix 

design with appropriate portions of activators should 

be performed and prepared before mixing 

geopolymer concrete. Based on several studies, it was 

reported that selecting the appropriate type of 

alkaline activator as well as using a well-designed 

portion of it leads to a development in the 

geopolymer concrete strength. Therefore, the 

activator-to-binder ratio significantly affects the 

geopolymerization step and should be precisely 

determined. Nowadays, silicate sodium and 
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hydroxide sodium are the most commonly used 

alkaline activators. They give relatively better 

performance for geopolymer concrete in terms of 

durability, mechanical, and microstructural 

characteristics [32]. Furthermore, several researchers 

reported that the best performance of geopolymer 

concrete could be achieved by combining silicate- 

and hydroxide-based activators. On the other hand, 

using only the hydroxide-based activator gives poor 

properties with more cracks due to the shrinkage 

effect. Moreover, Reddy et al. reported that using 

only silicate-based activators in the mix leads to a 

delay in the geopolymerization process [33]. 

However, Deb et al. recommended decreasing the 

hydroxide/silicate ratio in order to get higher 

compressive strength and better workability of 

geopolymer concrete [34]. 

 

2.2 Mix design 

In general, in order to achieve the desired properties 

of the mix, a good design should be performed by 

professionals. However, the geopolymer concrete 

mix design is not an easy process due to the effect of 

different variables of the mix, such as the activator 

ratio, temperature of curing, aluminosilicate type, 

hydroxide to silicate ratio, etc. Several studies have 

been performed based on different types of mix 

design, such as the hit and trial technique, alkaline to 

binder ratio, strength evaluation, etc. [33], [35]. Some 

of these methods are discussed in the following 

subsections. 
 

2.2.1 Hit and trial method 

This technique depends mainly on the mechanical 

properties of the mix [35], [36]. Equation 1, 

according to the British Standard (BS) [37], is used in 

this method to get the target strength. Figure 3 

demonstrates the procedures of this technique step by 

step according to the study of Ogheneochuko et al. 

[38]. 

 

 

Figure 3: Flow chart describing hit and trial method 

 

 One of the most common techniques used in the hit-

and-trial method is Taguchi's method. In this 

technique, the number of variables should be 

determined in each trial [39]. In addition, this method 

is used mainly to get high-strength geopolymer 

concrete. Many trials are performed in this method 

using different contents, then the optimum mix is 

determined by getting the response index. 

ft = fck + 1.65 Sd       (1) 

Where ft indicates the target compressive strength at 

28 days, fck refers to the characteristic compressive 

strength at 28 days, and Sd is the standard deviation. 
 

2.2.2 Strength-based method 

This method can be considered a modified version of 

that mentioned in the ACI report ACI 211.4R-93 

[37]. It mainly depends on the crucial influencers that 

affect the strength of the mix, such as the alkaline to 

binder ratio, degradation of aggregate, and activator 

content. Multivariate Adaptive Regression Spline 

(MARS) is one of the most common models used in 

this method. This model uses a contour plot to 

develop the mix design using four parameters; 

alkaline to binder ratio, hydroxides to silicates ratio, 

activator molarity, and water to binder ratio [40], 

[41]. More details can be found in Olivia et al [40]. 

 

2.3 Geopolymerization 

Geopolymerization as a process was discovered first 

in the 1950s. This process includes numerous internal 

steps, as shown in Figure 4 [42]. The main idea is to 

polymerize the aluminosilicates that contain high 

alumina and silicate by adding an activator. This 

activator catalyzes the silica and alumina reaction to 

form a three-dimensional (3D) network. This network 

converts after that into a 3D chain, forming a 

polymeric structure.  
 

 

Figure 4: Flow chart showing geopolymerization 

process 
 

Therefore, the main idea of adding alkaline is to 

activate the bond between aluminosilicates after the 

oxidation process occurs [22], [43]. In addition, 

aluminosilicate oxides are dissolved using a solution 

of high pH, which converts these oxides into a gel 

form of polymeric bonds of either Si-O-Al or Si-O-

Si. Each of these polymeric bonds or a combination 
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form the geopolymer framework. Finally, the bond 

between filler materials and other solid particles that 

have not reacted helps in the hardening process of the 

framework to end up with the final polymeric 

structure [44], [45].  

 

3. Geopolymer Concrete properties 

Many researchers have studied geopolymer concrete 

characteristics in terms of construction and 

mechanical properties. Each of these properties is 

discussed in detail in the following subsections. 

 

3.1 Workability and Slump behavior 
First, it is essential to note that the flowability of 

geopolymer concrete controls its workability. In 

addition, many factors significantly affect the 

workability of geopolymer concrete. Several 

researchers reported that the higher the molarity of 

sodium hydroxide, the lower the workability of the 

mix [46]–[48]. Furthermore, it was reported by 

Jumrat et al. that the change in the workability of 

geopolymer concrete affects its hardened 

characteristics [46]. Also, Mehta et al. discussed the 

effect of aluminosilicate particle size on workability 

in their study. They found that the smaller the particle 

size, the better workability of the geopolymer 

concrete mix [49]. While in Talukdar et al. study, 

they found that the production of geopolymer 

concrete using sodium hydroxide only as an alkaline 

activator gives a more workable mix than when using 

a combination of sodium hydroxide and sodium 

silicate [50]. Moreover, two studies presented the 

effect of curing temperature as well as selecting the 

type of activator and its concentration on the slump 

behavior of geopolymer concrete [51], [52]. They 

reported a decrease in workability due to an increased 

sodium silicate to sodium hydroxide ratio in the mix. 

In addition, the higher molarity of sodium hydroxide, 

the lower gain in mix workability. Even though using 

water instead of a naphthalene-based superplasticizer 

enhances the workability of the geopolymer concrete 

mix, it gives lower strength results. Al-Majidi et al. 

mentioned that FA-based geopolymer concrete 

showed better slump behavior than GGBS-based 

geopolymer concrete since the GGBS contains 

relatively larger and nonuniform particles [53]. 

Another study reported a reduction in the results of 

the slump in the case of using silica nanoparticles 

[54]. 

 

3.2 Setting time 

Numerous factors influence geopolymer concrete's 

initial and final setting time, such as silicates to 

hydroxide ratio, plasticizer concentration, binder 

content, and molarity. These factors have been 

studied and investigated through several research 

works. The increase in molarity decreases the setting 

time since it accelerates the rate of aluminosilicate 

dissolution, which improves the geopolymerization 

process. A study by Elyamani et al. reported the 

effect of molarity on the initial and final setting time 

for different aluminosilicates of geopolymer 

concrete. In the case of using Fly Ash (FA)-based 

geopolymer, the initial setting time decreased along 

with sing higher molarity [55]. In comparison, the 

final setting time remains constant for all tested 

molarity values. On the other hand, the (FAS) mix 

that contains 50% of FA and 50% of Silica Fume 

(SF) showed an increase in the final setting time with 

the molarity of sodium hydroxide. Likewise, the 

same trend was observed when using a (FASS) mix 

that includes 50% of FA, 35% of GGBS, and 15% of 

SF; the higher molarity, the faster the setting time. 

Many other researchers studied the effect of the 

alkaline-to-aluminosilicate ratio and silicate-to-

hydroxide ratio on the setting time of geopolymer 

concrete. They reported no significant effect for FA-

based geopolymer concrete. Regarding 

superplasticizer influence on the setting time, 

Talukdar et al. studied the effect of using slag-based 

geopolymer concrete along with superplasticizers, 

including sodium hydroxide and sodium silicate. 

They confirmed that using sodium hydroxide as an 

alkaline activator increases the setting time rather 

than using a combination of sodium hydroxide and 

sodium silicate [50]. This is because increasing the 

alkaline leads to an instability of the admixtures [56]. 

In conclusion, the increase in molarity in the mix 

leads to a reduction in the setting time of the 

geopolymer concrete mix. 

 

3.3 Hydartion 

It is important to mention that alkaline activators are 

used to activate the aluminosilicates by the 

geopolymerization process; this increases the heat of 

hydration of geopolymer concrete rather than the heat 

produced from hydration reactions of Ordinary 

Portland Concrete (OPC). The effect of activator 

concentration on the released heat was investigated 

by Singh et al., and no significant increase or 

decrease was observed for the heat during the mix 

formation as long as the alkaline concentration was 

lower than 14M [57]. Likewise, Jiao et al. reported 

the effect of sodium silicate and sodium hydroxide to 

fly ash ratio on the heat released from geopolymer 

concrete formation [58]. The authors found that the 

higher the ratios, the higher the temperature can be 

measured, and this may be due to the increased 

alkaline activator concentration increasing the 

reactions of geopolymerization, which are considered 

exothermic. They reported that the silicate-to-FA 

ratio exhibits a change with a lower slope than the 
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hydroxide-to-FA ratio. However, for both ratios, a 

linear relation can be observed. Overall, the type and 

concentration of the alkaline activator significantly 

affect the heat released from geopolymer concrete 

formation. 

 

3.4 Compression behavior 

Numerous factors significantly affect the 

compressive strength of geopolymer concrete, such 

as the type of aluminosilicates, alkaline-to-binder 

ratio, and type of alkaline activators. Several 

researchers investigated the use of a different 

combination of aluminosilicates for the production of 

geopolymer concrete. They found that when using a 

binder of 30% FA along with 70% of GGBS, a 

compressive strength of 66 MPa was achieved. 

While, they noticed that the higher the FA content in 

the mix, the lower the early compressive strength 

could be achieved. This is due to the increasing ratio 

of silicate to alumina and FA content increases, 

leading to a delay in the geopolymerization process 

[59]. Furthermore, Aguilar et al. discussed the effect 

of sand type and its ratio in the mix on compressive 

strength. They concluded that using the limestone 

sand significantly reduces the compressive strength 

of geopolymer concrete [60]. Moreover, another 

study by Kotwal et al. reported an increase in 

compressive strength with the reduced sand-to-binder 

ratio from 4 to 2 [61]. The higher fly ash content in 

geopolymer concrete leads to higher 28 days 

compressive strength because it forms a relatively 

denser microstructure, as reported by Ishwarya et al. 

[62]. In addition, the geopolymer concrete mix 

achieves higher compressive strength when 

increasing the curing temperature. A comprehensive 

study reported the effect of different factors on the 

compressive strength of the geopolymer concrete mix 

[63]. The authors concluded that increasing the 

molarity in the mix increases geopolymer concrete's 

compressive strength. Likewise, the use of a higher 

ratio of sodium silicate to sodium hydroxide leads to 

an increase in compressive strength. In addition, 

increasing the activator concentration in the mix 

adversely affects the compressive strength. Also, the 

mix's compressive strength rises with nanoparticles, 

as mentioned by Adak et al. [64]. 

 

3.5 Flexural and Tensile behavior 

According to ASTM C496 [65] and ASTM C293 

[66], the flexural behavior and tensile strength can be 

determined by either performing a splitting tensile 

test on a standard cylinder or a flexural tension test 

on a standard prism under three or four-point 

loadings. Several researchers recognized that almost 

all variables that affect compressive strength have the 

same effect on tensile behavior and flexural strength 

[67]–[70]. For instance, they found that adding 6% of 

nano-silica to the binder increases the geopolymer 

concrete mix's tensile, compressive, and flexural 

strength. Mohammed et al. [71] proposed two power 

equations (Eqs. 2 and 3) to predict the splitting 

tensile strength and flexural strength of geopolymer 

concrete in terms of compressive strength. These 

equations are based on several previous experimental 

studies, as mentioned by the authors. 

fsp = 0.222 (fc`)
0.744     (2) 

fr = 0.293 (fc`)
0.765       (3) 

Where, fsp, fr, and fc` are the splitting tensile strength, 

flexural strength, and compressive strength, 

respectively, measured in MPa. 

 

3.6 Elastic modulus 

According to ASTM C469 [72], the modulus of 

elasticity of different materials can be determined to 

understand the material's stiffness [69]. Several 

factors significantly affect the young's modulus of 

geopolymer concrete, such as aluminosilicate type, 

aggregate size, and ambient temperature [73]. Several 

researchers compared the elastic modulus of 

geopolymer concrete and ordinary Portland concrete 

at the same compressive strength value. They 

observed that geopolymer concrete exhibits a lower 

modulus of elasticity than OPC at the same 

compressive strength value due to the effect of 

aluminosilicates on the geopolymerization process. In 

addition, other researchers investigated the effect of 

sodium hydroxide on young's modulus of 

geopolymer concrete. They concluded that using high 

percentages of sodium hydroxide increases the elastic 

modulus of geopolymer concrete accordingly [74], 

[75]. A recent study in 2021 reported a proposed 

equation to predict the elastic modulus of geopolymer 

concrete in terms of compressive strength, as follows: 

Ec = 479.4 + 692.41 fc`    (4) 

Where, Ec and fc` are the modulus of elasticity and 

compressive strength, respectively, measured in MPa. 

 

3.7 Bonding behavior 

It is important to mention that the success of any mix 

between two components depends mainly on the 

bond between them. For example, the reinforced 

concrete structural elements have proved a good 

performance since experimental tests investigated the 

high bonding performance between the concrete and 

the embedded reinforcing bars. Cui et al. conducted a 

comparison between 12 GPC and 12 OPC beams 

[76]. They tested the beams according to the ASTM 

A944 standard [77]. They found no significant 

difference in the pull-out tests. However, the 

distribution of bond stresses showed apparent 

differences during all stages of loading. The 
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maximum bond stress for geopolymer concrete 

showed higher results than OPC at the final stage of 

testing. In short, the experimental work proved a high 

bond stiffness for geopolymer concrete specimens 

[76]. 

 

3.8 Shrinkage 

Generally, water evaporation from the surface of 

concrete causes shrinkage cracks. Several factors 

control the severity of concrete shrinkages, such as 

particle size and ambient temperature. Several studies 

were conducted to determine the difference between 

geopolymer concrete's shrinkage behavior and OPC. 

It was reported that geopolymer concrete shows a 

higher shrinkage than OPC. This may be due to the 

inclusion of relatively larger pores in the geopolymer 

concrete paste [78]. In particular, as shown in Figure 

5, the measured cracks due to shrinkage in 

geopolymer concrete show cracks-width exceeding 

two times that in OPC. Furthermore, Matalkah et al. 

conducted a Scanning Electron Microscope (SEM) 

on both types of pastes, OPC and GPC, in order to 

show the difference in shrinkage crack-width. Figure 

6 shows the main components of each paste, in 

addition to shrinkage cracks, taken by SEM 

technique  . ]78 [ 

 

Figure 5: Shrinkage crack width over time [78] 

 

  

                    (a)                                    (b) 

Figure 6: (a) OPC paste and (b) GPC paste (SEM 

images) [78] 

 

3.9 Durability 

One of the most important features of concrete is 

durability, which means its ability to avoid any 

deterioration over time. However, several factors 

may affect the concrete durability, such as the 

inclusion of any chemical in its contents and the 

presence of pores on its surface, which may help in 

rapidly reinforcing bars corrosion [79]. The durability 

of geopolymer concrete can be investigated in 

different ways, such as Rapid Chloride Permeability 

(RCP) test, absorption test, and water permeability 

test [80]. More than one research reported that 

geopolymer concrete generally performs better under 

aggressive conditions, which means better durability 

than OPC [80]. Comparing the FA-based geopolymer 

concrete and slag-based geopolymer concrete in 

terms of durability; the slag-based mix shows higher 

durability than the FA-based mix. This is due to that 

slag-based geopolymer concrete produces a more 

stable structure. While, FA-based geopolymer 

concrete exhibits better durability performance than 

OPC due to the effect of ions in the paste against any 

chemical attack from the environment. Also, a 

significant enhancement in the microstructural 

characteristics of geopolymer concrete was observed 

when using a combination between rise-husk-ash and 

GGBS. This might be due to rise-husk-ash reducing 

the chloride concentration in the mix [81]. Even 

when using recycled aggregate in geopolymer 

concrete mixing, it performs better than OPC in terms 

of durability. In conclusion, geopolymer concrete 

exhibits much better durability performance than 

ordinary concrete for several reasons, such as the 

more stable geopolymer structure, which helps 

withstand any chemical attacks from the 

surroundings. 

 

4. Effect of Different Components on Binder 

Properties 

In this section, factors that have a significant effect 

on geopolymer concrete properties are discussed. The 

molarity of activators, curing temperature, and 

alkaline activator to binder ratio affect geopolymer 

concrete characteristics differently. 

 

4.1 Effect of activators' molarity 

As mentioned before, the most critical step in mixing 

geopolymer concrete is to determine the appropriate 

concentration of alkaline activator because it has the 

highest effect on both short- and long-term properties 

of geopolymer concrete. Several researchers 

investigated the effect of using different types of 

alkaline as well as different molarities on geopolymer 

concrete properties. For instance, Aliabdo et al. 

studied the effect of molarity on geopolymer concrete 

compressive strength. The study included three 

various sodium hydroxide molarities: 10, 12, and 14 

M. They found that the higher concentration of 

sodium hydroxide in the mix results in higher 

compressive strength [63]. Moreover, using an 

activator based on silicate rather than hydroxide 
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shows a higher active reaction rate. In addition, the 

effect of activator types on the geopolymer concrete 

strength has been studied by Sharayu et al [82]. They 

concluded that using different types and 

concentrations of alkaline activators has a significant 

effect on geopolymer concrete compressive strength. 

Specifically, the test parameters involved three 

different molarities (10, 12, and 14 M) along with 

three various combinations of alkaline activators: 

KOH+Na2SiO3, NaOH+K2SiO3, and KOH+Na2SiO3. 

Furthermore, they confirmed that the higher the 

molarity in the mix, the higher the compressive 

strength. Figure 7 demonstrates the effect of using 

different activators on the compressive strength at 7 

and 28 days [82]. 

 

4.2 Effect of curing temperature 

Generally, the rise in curing temperature enables 

geopolymer concrete to achieve higher compressive 

strength early; however, it causes rapid water 

evaporation. This evaporation affects the 

geopolymerization process and increases the 

material's porosity, which reduces the compressive 

strength of geopolymer concrete at later ages.  

 

Figure 7: Effect of different alkaline combinations on 

compressive strength at 7 and 28 days [82] 

 

A comparison study was conducted for a geopolymer 

concrete mix at two different curing temperatures; 

ambient temperature (25 ºC) and high temperature 

(80 ºC). The authors found that the samples cured at 

ambient temperature give lower compressive strength 

at seven days. While, at 28 days, the cured samples at 

room temperature exhibit higher compressive 

strength than others cured at higher temperatures due 

to the CSH formation in addition to increasing the 

porosity in the samples. Figure 8 depicts the main 

differences between the two samples: one was cured 

at room temperature (25 ºC), and the second was 

cured at a higher temperature (80 ºC).  

The two images for those two samples were analyzed 

by SEM technique in order to investigate their 

microstructure. Figure (8-a) shows the image of the 

cured sample at a relatively higher temperature, while 

the other image, Figure (8-b), demonstrates the cured 

sample at room temperature. The cured sample at 

ambient temperature exhibits a much softer, smoother 

microstructure as well as lower voids on the surface 

than the other sample, which shows a stiffer 

microstructure with more pores on the surface [62]. 

Furthermore, many researchers recommended not 

using heat in the curing process of geopolymer 

concrete since it significantly affects its properties. 

However, for FA-based geopolymer, Hardjito et al. 

reported a significant increase in compressive 

strength of geopolymer concrete at all ages that was 

cured under relatively higher temperatures. FA-based 

geopolymer concrete has different composition 

compared to slag-based one; hence this may be the 

reason for different behavior for each one under 

different curing conditions [83]–[85]. 

    

(a)                                (b) 

Figure 8: SEM analysis for cured samples at (a) 80 ºC 

(b) 25 ºC [62] 

 

4.3 Effect of alkaline to binder A/B ratio 

Several researchers have studied the effect of the 

alkaline-to-binder ratio. Aliabdo et al. established a 

comparison between three different activators to slag 

ratios (0.40, 0.45, and 0.50). They investigated the 

effect of activator to slag ratio on the compressive 

strength and concluded that the higher the ratio of 

alkaline activator to slag, the lower the compressive 

strength of slag-based geopolymer concrete [63]. 

Likewise, but for three various combinations of fly 

ash to slag ratios (2:1, 3:1, and 4:1), the compressive 

strength decreased with increasing the fly ash/slag 

ratios [62]. In general, the use of a lower ratio of 

alkaline to binder reduces the workability of the mix; 

however, it exhibits higher compressive strength due 

to the high silicate and alumina species in the mix. 

Ozbakkaloglu et al. confirmed that better workability 

of geopolymer concrete could be achieved with 

higher ratios of liquid to binder ratio [86]. In short, 

the appropriately designed ratio between the alkali 

activator and binder is highly recommended in order 

to maintain good workability without reducing the 

compressive strength of geopolymer concrete. 

 

4.4 Effect of OPC in the admixture 

Many researchers studied the effect of replacing part 

of aluminosilicates in a geopolymer concrete mix 

with OPC. They found significant effects on the 
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microstructure properties of fresh and hardened OPC-

GPC mix. First, the presence of OPC and 

aluminosilicates in the same mix need water for the 

hydration reactions of cement. However, 

aluminosilicate reacts firstly with water for a while, 

then protective layers of calcium ions are formed, 

which stops the reaction between water and 

aluminosilicate [87]. After that, the aluminosilicate 

reacts with calcium hydroxide forming calcium 

silicate hydrate (CSH), which can be called a 

pozzolanic reaction due to aluminosilicate pozzolanic 

characteristics. Aliabdo et al. mentioned three 

reactions in the OPC-GPC mix; water reacts with 

cement (Cement hydration), water reacts with 

aluminosilicate (Aluminosilicate hydration), 

Ca(OH)2 reacts with aluminosilicate (Pozzolanic 

reaction) [63]. Siddique et al. studied the effect of 

partially replacing the aluminosilicate with OPC. 

They found that combining OPC and fly ash 

improves the compressive strength because OPC 

makes the microstructure denser than geopolymer 

concrete without adding OPC. In addition, this denser 

microstructure enhances the durability of the 

concrete. To put it more simply, Figure 9 shows the 

difference in microstructure between fly ash-based 

geopolymer concrete and the combination of OPC 

with fly ash-based geopolymer concrete. These two 

images were recorded by Chau Khan et al. using the 

SEM technique [10]. Figure (9-a) demonstrates the 

fly ash-based geopolymer concrete without adding 

the OPC, where it shows larger voids. While Figure 

(9-b) shows the effect of adding OPC to the fly ash-

based geopolymer concrete as the microstructure is 

relatively denser and more compact. 

   

(a)                              (b) 

Figure 9: SEM images of fly ash-based geopolymer 

(a) without adding OPC (b) with OPC 
 
Furthermore, the inclusion of OPC in the mix also 

affects workability and setting time. Therefore, 

Sarker et al. studied that effect and reported a 

reduction in workability and setting time of 

geopolymer concrete when adding OPC [29]. Figure 

10 depicts the effect of OPC content on the setting 

time of geopolymer concrete. Contrarily, they 

observed an improvement in the compressive 

strength of geopolymer concrete with the inclusion of 

OPC.  

 

Figure 10: Effect of OPC content on setting time [29] 

 

Likewise, another study conducted by Pangdaeng et 

al. [88] investigated the partial replacement of the fly 

ash with different percentages of OPC (0%, 5%, 

10%, and 15% Wt.) in geopolymer concrete 

admixture. The authors concluded that the presence 

of OPC increases compressive strength at early and 

later ages. This might be because of the formation of 

CSH as well as CASH in the structure. Also, Ma et 

al. replaced the fly ash with different percentages of 

OPC and reported that the higher content of OPC in 

the mix, the higher formation of CASH gel, which 

enhances the microstructure of the mix [89]. Overall, 

the addition of OPC to the geopolymer concrete mix 

as a partial replacement of aluminosilicate improves 

the mechanical and microstructural properties of the 

mix due to the formation of CASH gel. 

 

5. Comparison between geopolymer concrete and 

conventional concrete 

Understanding the difference between conventional 

and geopolymer concrete in terms of performance 

and properties is essential. Geopolymer concrete 

exhibits superior properties compared to conventional 

concrete, such as high resistance to chemicals and 

fire, adjustable setting time, moderate resistance to 

freezing, less porous, etc. [90]. On the other hand, it 

shows some drawbacks, such as the high shrinkage of 

fresh concrete. Nonetheless, most of its drawbacks 

can be mitigated by adjusting the ratios of the 

appropriate constituents in the mix, as discussed in 

more detail in previous sections. 

Another study by Hasnaoui et al. showed a 

comparison between conventional and geopolymer 

concrete in terms of compressive strength, tensile 

strength, and modulus of elasticity [91]. Figure (11-a) 

demonstrates the compressive strength results for 

both geopolymer and conventional concrete. It can be 

noticed that OPC overwent its counterpart at 3, 7, and 

28 days of standard cube testing. The authors 

justified the main reason for that might be attributed 

to the difference in the curing process in addition to 
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the binder water ratio. Another important observation 

was mentioned in the study regarding the strength 

evolution from 7 to 28 days. Unlike geopolymer 

concrete, a significant improvement was recorded for 

conventional concrete. This is because geopolymer 

concrete gains its strength earlier than conventional 

cement-based concrete. Figure (11-b) shows a 

comparison between both types of concrete in terms 

of splitting tensile strength. As expected, the 

observed trend is similar to that of compressive 

strength. The geopolymer concrete exhibited a very 

low elastic modulus compared to the conventional, as 

shown in Figure (11-c). In fact, it was expected that 

geopolymer concrete would show a lower modulus of 

elasticity than conventional cement-based concrete, 

which is attributed to the physical nature of the 

geopolymer mix itself rather than the porosity. 
 

 

(a) 

 

(b) 

 

(c) 

Figure 11: Comparison between geopolymer and 

conventional concrete in terms of (a) compressive 

strength, (b) tensile strength, and (c) Elastic modulus 

[91] 

Another study by Rajini et al. in 2020 reported a cost 

analysis of geopolymer concrete compared to 

conventional concrete [92]. The scope of their study 

was on fly ash- and GGBS-based geopolymer 

concrete. All prices were reported based on the 

Indian market at that time. For the same compressive 

strength of 45 MPa, geopolymer concrete exhibited a 

higher unit cost by 32% than conventional concrete. 

Nevertheless, the authors stated that consideration of 

other geopolymer concrete benefits, such as 

sustainability, low maintenance cost, etc., could 

allow geopolymer concrete to be comparable to 

conventional concrete even with a higher initial cost. 

 

6. Previous Research on GPC Structural Elements 
 

6.1 Geopolymer concrete beams 

Geopolymer concrete exhibits outstanding properties 

compared to conventional cement-based concrete in 

small-scale experimental tests, as discussed in the 

previous sections and subsections. The next step is to 

investigate the structural behavior of different 

structural members made of geopolymer concrete. An 

experimental study performed by Sumajouw et al. 

included 12 beams made of fly ash-based geopolymer 

concrete [93]. The flexural behavior of all test 

specimens was investigated. Figure (12-a) depicts the 

geometry and reinforcement details of test specimens. 

The test parameters were the longitudinal 

reinforcement ratio at the tension side and the 

compressive strength of the concrete. Figure (12-b) 

demonstrates the cracking pattern of some specimens 

after the test. The authors reported that the 

geopolymer concrete beams experienced comparable 

load-deflection results to conventional cement-based 

concrete beams. Moreover, they evaluated the results 

according to the equations mentioned in the existing 

design standard codes for conventional concrete 

beams and found a good match. 

 

(a) 
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(b) 

Figure 12: (a) Test specimens geometry and 

reinforcement details, (b) Cracking pattern of test 

beams [93] 

 

Ferdous et al. studied the flexural behavior of 

geopolymer concrete beams and compared the results 

to OPC concrete beams [94]. They used two types of 

binder in the mix; fly ash and ground granulated 

blast-furnace slag (GGBS). Figure 13 describes the 

test setup and the dimensions of the test specimens. 

The authors mentioned that slag-based geopolymer 

concrete beams exhibited better performance, which 

is close to the conventional concrete beams, unlike 

the fly ash-based geopolymer concrete beams. Figure 

14 shows the load-deflection behavior. Furthermore, 

it was reported that the number of cracks, crack 

width, and spacing between cracks was similar 

between slag-based geopolymer concrete and 

conventional concrete beams. Additionally, the 

authors carried out a nonlinear FE analysis, and the 

numerical results agreed with the experimental tests. 

Also, an analytical method to predict the failure load 

was performed and showed promising results 

compared to the recorded experimental results [94]. 

Madheswaran and Philip experimentally studied the 

shear behavior of deep beams made of geopolymer 

concrete beams with a span-to-depth ratio of 1.9 [95]. 

They found that the failure of beams without stirrups 

was controlled by the diagonal compression that led 

to web crushing. In contrast, beams with stirrups 

failed due to diagonal compression or shear tension 

based on the spacing between stirrups. Another study 

by Aldemir et al. in 2022 investigated the shear 

behavior of geopolymer concrete beams [96]. They 

used recycled aggregates instead of natural 

aggregates in order to validate the possibility of 

increasing the sustainability of geopolymer concrete 

beams. Moreover, they investigated different shear 

span-to-depth ratios as a test parameter. Figure 15 

shows the reinforcement details of test specimens. 

 

Figure 13: Specimens geometry and test setup [94] 

 

Figure 14: Load-deflection behavior [94] 

 

The authors reported that geopolymer concrete beams 

with natural aggregates exhibited similar behavior to 

conventional concrete. When replacing the natural 

aggregates with recycled ones, the failure mode 

changed from flexural dominated to shear dominated. 

It is worth mentioning that the authors reported a 

significant effect, due to replacing the natural 

aggregates with recycled ones, on load-deflection 

behavior, specifically before yielding [96]. Figure 16 

demonstrates the moment-curvature relationship for 

specimens with a span-to-depth ratio of 1.0. 

Furthermore, they investigated the validation of 

capacity formulas mentioned in the ACI 318 [97] 

standard and found an average error of 55% between 

the experimental results and standard code 

predictions. This significant error could be attributed 

to the lower shear span-to-depth ratio in the 

experiment compared to the basis of the ACI 

equation. In other words, the formula in the standard 

is based on shear span-to-depth ratios exceed 2.0, 

whereas the measured value in the experiment was 

less than 2.0. 

 

Figure 15: Details of reinforcement of test specimens 

[96] 
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Figure 16: Moment-curvature relations at different 

LVDT positions [96] 

Several research studies have investigated 

geopolymer concrete beams analytically and 

numerically using nonlinear FE analysis software 

[98]–[102]. The results showed an excellent 

agreement with the experimental results. Tran et al. 

investigated the shear capacity of geopolymer 

concrete beams subjected to impact loads [103]. The 

concrete mix was reinforced with fibers in order to 

enhance the tensile properties. Two conventional 

concrete beams were tested as a reference. The 

authors mentioned that including fibers in the mix 

significantly improves the post-peak behavior. Figure 

(17-a) depicts the cracking pattern and failure mode 

of test specimens without fibers. While Figure (17-b) 

shows the same but for beams with fibers inside. It 

can be noticed that test specimens with fibers 

exhibited better crack distribution as at crack 

location, the fibers act as a bridge, which mitigates 

the crack growth by the so-called bridging action. 

They also investigated using a rubber pad under the 

load location, which led to shifting the failure from 

pure shear to flexural-shear dominated. 

 

6.2 Geopolymer concrete slabs 

To the best of the authors' knowledge, there is a lack 

of research in the available literature regarding the 

use of geopolymer concrete in RC slabs. Eren studied 

ten RC two-way flat slab specimens made of 

geopolymer concrete, and half of them were 

reinforced with steel fibers under center point loading 

in order to investigate their punching shear capacities 

[104]. Two different types of hook-ends of steel 

fibers were used. Figure 18 depicts the test setup used 

in the experimental test. The experimental results 

exhibited that adding the nano-silica (NS) and steel 

fibers (SFs) enhanced the absorption energy capacity. 

Moreover, it is worth mentioning that the 

combination of NS and SFs in geopolymer concrete 

flat slabs performed better than the individual 

utilization of each in terms of punching shear and 

deflection capacities. Specifically, the flat slab with 

NS and NFs achieved ~130% higher load-carrying 

capacity than their counterparts, as shown in Figure 

19. Additionally, flat slabs with longer SFs exhibited 

better energy absorption capacity than slabs with 

shorter SFs. 

 

 

(a) 

 

(b) 

Figure 17: Crack propagation and failure mode for 

geopolymer concrete (a) without and (b)with fibers 

[103] 

 

Figure 18: Test setup [104] 
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(a) 

 

(b) 

Figure 19: Punching shear test results of geopolymer 

concrete slabs [104] 

 

Another study carried out by Meng et al. investigated 

the effect of gas explosion on geopolymer concrete 

slabs reinforced with steel fibers (SFs) [105]. The 

utilized binders in the geopolymer concrete mixture 

are fly ash (FA) and ground granulated blast-furnace 

slag powder (GGBS). Experimental tests were carried 

out on full-scale specimens with dimensions of 1800 

cm x 400 cm x 90 cm. The findings showed that 

geopolymer concrete slabs reinforced with SFs were 

able to withstand the natural explosion of methane 

gas better than slabs without SFs. 

 

6.3 Geopolymer concrete columns 

Saranya et al. carried out an experimental 

investigation on four geopolymer concrete square 

columns reinforced with different steel fiber volume 

ratios (0%, 0.25%, 0.5%, and  0.75%) [106]. 

Moreover, one control beam made of ordinary 

concrete was tested. All columns were cast with a 

length of 1100 mm and a cross-section of 200 mm x 

200 mm. Test setup and reinforcement details are 

shown in Figure 20. The experimental results showed 

that the GPC column without steel fibers behaved 

similar to the ordinary concrete column with an 

increase in ultimate load of 28%, as shown in Figure 

21. Moreover, the early age strength of geopolymer 

concrete is much higher than ordinary concrete, 

which in turn helps save time in construction steps. 

Regarding the economic perspective, the authors 

mentioned that geopolymer concrete has less cost 

than ordinary concrete, making it a valid alternative 

to ordinary concrete in practical applications. 

 

    

Figure 20: Test setup and specimen details [106] 

 

Figure 21: Stress-strain results [106] 
 

An analytical study conducted by Ali et al. was to 

establish different interaction diagrams (IDs) of 

geopolymer concrete columns with a circular cross-

section and reinforced with glass fiber-reinforced 

polymer (GFRP) [107]. First, the analytical model 

was validated with an experimental published data 

test. The verification showed good agreement. The 

authors then carried out a parametric study in order to 

investigate different parameters such as concrete 

compressive strength and longitudinal and transverse 

reinforcement ratios. The findings exhibited that the 

increase in longitudinal reinforcement ratio has more 

effect on raising the load-carrying capacity of 

geopolymer concrete circular columns reinforced 

with GFRP bars and helices than the increase in 

transverse reinforcement. Furthermore, the 

compressive strength of geopolymer concrete 

significantly affects the axially-loaded columns rather 

than eccentric-loaded ones.  

 

7. Applications 

Due to its significant advantages, there are several 

applications of geopolymer concrete in most 

structural members. Practically, the first multi-story 

building that was built in 2013 using geopolymer 

concrete is the Global Change Institute at Queensland 

University. The geopolymer concrete was used in 
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casting the precast beams in this building [108]. 

Figure 22 shows a real photo of the building that was 

taken after the completion of the construction 

process.  
 

 

Figure 22: Stress-strain results [108] 
 

Furthermore, geopolymer can remarkably resist 

chemical attacks; hence it is also utilized as a 

protective layer for different structural members to 

improve their durability [109]. The microstructural 

properties of geopolymer concrete and its chemical 

composition make it suitable for acid-resistance 

applications. For instance, it is recommended by 

many researchers to be used in marine structures for 

durability reasons [110]. In addition, the inclusion of 

alkali activator solutions enhances the 

microstructure's stability, increasing the density of 

the geopolymer concrete's microstructure and making 

it much more compact. The higher the density of 

geopolymer concrete microstructure, the higher the 

resistance to chemical attacks [111].  

Furthermore, geopolymer concrete can also be used 

in repairing applications of existing structures due to 

its ability to prevent reinforcing bars from corrosion 

[112]. Ichimiya et al. reported the high bonding 

performance of geopolymer concrete with the 

addition of fibers; hence, it is used with fiber for 

bonding between structural members such as bridge 

elements [113]. In addition, geopolymer concrete can 

be used as a strengthening material for different 

structural members, especially those subjected to 

repeated loads or seismic effects. Due to the high 

abrasion resistance of geopolymer concrete mix, 

especially when adding steel slag, it is recommended 

to be used in the airport or factory ground areas. 

Moreover, the microstructure characteristics of 

geopolymer concrete increase the practical 

application of using it as the primary material in 

structural members or a secondary one. Emadadi et 

al. discussed a new application of geopolymer 

concrete in cooling and evaporative systems [114]. 

Moreover, geopolymer concrete is efficient as a fire-

resistant material due to its microstructure's stability 

and increasing compressive strength at high 

temperatures. Overall, several researchers concluded 

that using geopolymer concrete as an alternative 

selection for ordinary concrete has many advantages 

since it increases building sustainability which makes 

the environment cleaner. Figure 23 shows some 

examples for geopolymer concrete applications 

[108]. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 23: Geopolymer concrete applications (a) 

Pavement placing, (b) water tank, (c) precast boat 

ramp, and (d) Precast bridge 
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8. Conclusion 

The use of geopolymer concrete can solve several 

problems as an eco-friendly construction material, 

such as decreasing the emission of carbon dioxide as 

well as saving natural energy. However, from the 

market point of view, it may need some time to 

replace ordinary concrete based on OPC entirely. 

Therefore, this paper reviews the recent research 

related to geopolymer concrete and tries to combine 

their conclusion marks in terms of mix compositions, 

curing temperature, and microstructural properties in 

order to get the full image of this newly developed 

material and its characteristics. It is found that 

geopolymer concrete, as an eco-friendly material, can 

be the alternative solution to ordinary concrete in 

different construction fields. This is due to its 

sustainable nature along with the comparable 

structural behavior to conventional concrete. As 

mentioned in this article, geopolymer concrete shows 

better durable properties, making it one of the best 

options for marine structures and structures that are 

usually under acid attacks. The durability of 

geopolymer concrete is due to the stability of the 

microstructure, which reduces the pores inside the 

material, preventing any pass of external fluids. 

Furthermore, geopolymer concrete exhibits better 

mechanical properties compared to ordinary OPC 

concrete. Hence, it can replace ordinary concrete in 

many structural members. In addition, several 

researchers investigated the performance of different 

aluminosilicates such as fly ash, ground granulated 

blast-furnace slag, rise-husk-ash, etc. They reported 

that fly ash-based geopolymer concrete gives better 

characteristics than others. They also compared 

different alkaline activators and concluded that the 

best activators are based on sodium hydroxide and 

sodium silicate. Moreover, they also mentioned many 

factors that significantly affect the geopolymerization 

process, such as the molarity, percentage, and 

reactivity of alkaline solutions. Regarding the mix 

design, researchers recommended that an appropriate 

dosage of alkaline activator should be used in the mix 

in order to achieve the desired properties of 

geopolymer concrete. Furthermore, they found that a 

faster geopolymerization reaction occurs when using 

silicates as the alkaline solution in the mix compared 

to the hydroxide-based alkaline activator. Also, all 

factors that affect the mix design should be 

considered in order to get better mechanical 

characteristics of the produced geopolymer concrete. 

These factors include the molarity and concentration 

of activators, type and dosage of the used 

superplasticizer, aggregate type, type of sand type 

and content, water-to-binder ratio, activator-to-binder 

ratio, and hydroxide-to-silicate ratio.  

Adding OPC to geopolymer concrete enhances the 

microstructure by forming CSH products that fill the 

voids in the mix to have a relatively denser and more 

compact microstructure than fly ash or slag-based 

geopolymer concrete. Consequently, the denser 

microstructure reduces the porosity and shrinkage of 

geopolymer concrete. Several researchers have 

studied and investigated the ratios of different 

geopolymer concrete contents and concluded the 

activator-to-binder ratio, curing temperature, alkaline 

molarity, OPC presence, curing age, etc. Those 

studies will help in determining the optimum ratios 

and optimum conditions for the production of 

geopolymer concrete that has superior characteristics. 

According to the aforementioned research from the 

available literature, different researchers have paid 

great attention to geopolymer concrete to investigate 

its behavior in several structural elements, such as 

beams, slabs, and columns, under different 

conditions. It exhibited good results compared to 

ordinary concrete. Additionally, geopolymer concrete 

is used in several applications, some of which were 

mentioned in this review. For future research, the 

long-term behavior of geopolymer concrete should be 

investigated in more detail to ensure its ability to 

replace OPC-based concrete entirely. 

 

9. References 
[1]  Z. Zhang, J. L. Provis, A. Reid, and H. Wang, 

"Geopolymer foam concrete: An emerging material 

for sustainable construction," Constr. Build. Mater., 

vol. 56, pp. 113–127, 2014, doi: 

10.1016/j.conbuildmat.2014.01.081. 

[2]  G. Cook, "Climate Change and The Cement 

Industry," Clim. Strateg. J., pp. 68–70, 2009. 

[3]  P. C. Taylor and R. B. Tait, "Effects of fly ash on 

fatigue and fracture properties of hardened cement 

mortar," Cem. Concr. Compos., vol. 21, no. 3, pp. 

223–232, 1999, doi: 10.1016/S0958-

9465(99)00005-0. 

[4]  World Meteorological Organization and Global 

Atmosphere Watch, "WMO Greenhouse Gas 

Bulletin (GHG Bulletin) - No. 15," Wmo, p. 8, 2019. 

[5] V. M. John and S. E. Zordan, "Research & 

Development methodology for recycling residues as 

building materials-A proposal," Waste Manag. Ser., 

vol. 1, no. C, pp. 513–524, 2000, doi: 

10.1016/S0713-2743(00)80062-8. 

[6]  J. G. S. Van Jaarsveld, J. S. J. Van Deventer, and L. 

Lorenzeni, "the Potential Use of Geopolymeric 

Materials To Immobilise Toxic Metals: Part I. 

Theory and Applications," Miner. Eng., vol. 10, no. 

7, pp. 659–669, 1997. 

[7]  J. Davidovits, “Geopolymers,” J. Therm. Anal., vol. 

37, no. 8, pp. 1633–1656, Aug. 1991, doi: 

10.1007/BF01912193. 

[8]  A. Hassan, M. Arif, and M. Shariq, "Use of 

geopolymer concrete for a cleaner and sustainable 

environment – A review of mechanical properties 

and microstructure," J. Clean. Prod., vol. 223, no. 



Friendly Geopolymer Concrete -Development Factors in Eco "M. Elkafrawy, A. Nabil, and N. Meleka 

"A State of the Art Review - 

114 ERJ, Menoufia University, Vol. 46, No. 1, January 2023  
 

March, pp. 704–728, 2019, doi: 

10.1016/j.jclepro.2019.03.051. 

[9]  A. Hassan, M. Arif, and M. Shariq, "Use of 

geopolymer concrete for a cleaner and sustainable 

environment – A review of mechanical properties 

and microstructure," J. Clean. Prod., vol. 223, pp. 

704–728, 2019, doi: 10.1016/j.jclepro.2019.03.051. 

[10]  C. K. Ma, A. Z. Awang, and W. Omar, "Structural 

and material performance of geopolymer concrete: 

A review," Constr. Build. Mater., vol. 186, pp. 90–

102, 2018, doi: 10.1016/j.conbuildmat.2018.07.111. 

[11]  H. Kumar, R. Prasad, A. Srivastava, M. Vashista, 

and M. Z. Khan, "Utilisation of industrial waste (Fly 

ash) in synthesis of copper based surface composite 

through friction stir processing route for wear 

applications," J. Clean. Prod., vol. 196, pp. 460–

468, 2018, doi: 10.1016/j.jclepro.2018.06.029. 

[12]  D. M. Roy, W. Jiang, and M. R. Silsbee, "Chloride 

diffusion in ordinary, blended, and alkali-activated 

cement pastes and its relation to other properties," 

Cem. Concr. Res., vol. 30, no. 12, pp. 1879–1884, 

2000, doi: 10.1016/S0008-8846(00)00406-3. 

[13] J. Temuujin, R. P. Williams, and A. van Riessen, 

"Effect of mechanical activation of fly ash on the 

properties of geopolymer cured at ambient 

temperature," J. Mater. Process. Technol., vol. 209, 

no. 12–13, pp. 5276–5280, 2009, doi: 

10.1016/j.jmatprotec.2009.03.016. 

[14] P. Zhang, Y. Zheng, K. Wang, and J. Zhang, "A 

review on properties of fresh and hardened 

geopolymer mortar," Compos. Part B Eng., vol. 152, 

pp. 79–95, 2018, doi: 

10.1016/j.compositesb.2018.06.031. 

[15]  P. Zhang, Z. Gao, J. Wang, J. Guo, S. Hu, and Y. 

Ling, "Properties of fresh and hardened fly ash/slag 

based geopolymer concrete: A review," J. Clean. 

Prod., vol. 270, p. 122389, 2020, doi: 

10.1016/j.jclepro.2020.122389. 

[16]  B. B. Jindal, "Investigations on the properties of 

geopolymer mortar and concrete with mineral 

admixtures: A review," Constr. Build. Mater., vol. 

227, p. 116644, 2019, doi: 

10.1016/j.conbuildmat.2019.08.025. 

[17]  M. S. Reddy, P. Dinakar, and B. H. Rao, "A review 

of the influence of source material's oxide 

composition on the compressive strength of 

geopolymer concrete," Microporous Mesoporous 

Mater., vol. 234, pp. 12–23, 2016, doi: 

10.1016/j.micromeso.2016.07.005. 

[18]  N. Li, C. Shi, Z. Zhang, H. Wang, and Y. Liu, "A 

review on mixture design methods for geopolymer 

concrete," Compos. Part B Eng., vol. 178, no. April, 

p. 107490, 2019, doi: 

10.1016/j.compositesb.2019.107490. 

[19]  C. Ferone et al., "Sustainable management of water 

potabilization sludge by means of geopolymers 

production," J. Clean. Prod., vol. 229, pp. 1–9, 

2019, doi: 10.1016/j.jclepro.2019.04.299. 

[20]  D. B. Chavan, H. S. Patil, and I. U. Kundan, "Effect 

of alkaline activator on the strength and durability of 

geopolymer concrete," J. Eng. Res. Stud., vol. 3, no. 

1, pp. 18–21, 2017. 

[21]  T. Luukkonen, Z. Abdollahnejad, J. Yliniemi, P. 

Kinnunen, and M. Illikainen, "One-part alkali-

activated materials: A review," Cem. Concr. Res., 

vol. 103, no. October, pp. 21–34, 2018, doi: 

10.1016/j.cemconres.2017.10.001. 

[22]  L. Imtiaz, S. K. Ur Rehman, S. A. Memon, M. K. 

Khan, and M. F. Javed, "A review of recent 

developments and advances in eco-friendly 

geopolymer concrete," Appl. Sci., vol. 10, no. 21, 

pp. 1–56, 2020, doi: 10.3390/app10217838. 

[23]  A. A. Busari, J. O. Akinmusuru, and B. I. Dahunsi, 

"Review of sustainability in self-compacting 

concrete: The use of waste and mineral additives as 

supplementary cementitious materials and 

aggregates," Port. Electrochim. Acta, vol. 36, no. 3, 

pp. 147–162, 2018, doi: 10.4152/pea.201803147. 

[24] J. Payá, J. Monzó, M. V. Borrachero, and M. M. 

Tashima, Reuse of aluminosilicate industrial waste 

materials in the production of alkali-activated 

concrete binders. Woodhead Publishing Limited, 

2015. doi: 10.1533/9781782422884.4.487. 

[25]  H. Zain, M. M. A. B. Abdullah, K. Hussin, N. 

Ariffin, and R. Bayuaji, "Review on Various Types 

of Geopolymer Materials with the Environmental 

Impact Assessment," MATEC Web Conf., vol. 97, 

2017, doi: 10.1051/matecconf/20179701021. 

[26]  K. L. Aughenbaugh, T. Williamson, and M. C. G. 

Juenger, "Critical evaluation of strength prediction 

methods for alkali-activated fly ash," Mater. Struct. 

Constr., vol. 48, no. 3, pp. 607–620, 2014, doi: 

10.1617/s11527-014-0496-z. 

[27]  P. Kamhangrittirong, P. Suwanvitaya, P. 

Suwanvitaya, and P. Chindaprasirt, "Synthesis and 

Properties of High Calcium Fly Ash," 2011. 

[28]  O. Arioz, D. K. H. Bzeni, R. R. A. Zangy, and E. 

Arioz, "Properties of slag-based geopolymer 

pervious concrete for ambient curing condition," 

IOP Conf. Ser. Mater. Sci. Eng., vol. 737, no. 1, 

2020, doi: 10.1088/1757-899X/737/1/012068. 

[29]  P. Nath and P. K. Sarker, "Effect of GGBFS on 

setting, workability and early strength properties of 

fly ash geopolymer concrete cured in ambient 

condition," Constr. Build. Mater., vol. 66, pp. 163–

171, 2014, doi: 10.1016/j.conbuildmat.2014.05.080. 

[30]  J. Xie, J. Wang, R. Rao, C. Wang, and C. Fang, 

Effects of combined usage of GGBS and fly ash on 

workability and mechanical properties of alkali 

activated geopolymer concrete with recycled 

aggregate, vol. 164. Elsevier Ltd, 2019. doi: 

10.1016/j.compositesb.2018.11.067. 

[31]  G. S. Ryu, Y. B. Lee, K. T. Koh, and Y. S. Chung, 

"The mechanical properties of fly ash-based 

geopolymer concrete with alkaline activators," 

Constr. Build. Mater., vol. 47, no. 2013, pp. 409–

418, 2013, doi: 10.1016/j.conbuildmat.2013.05.069. 

[32]  K. Pimraksa, P. Chindaprasirt, A. Rungchet, K. 

Sagoe-Crentsil, and T. Sato, "Lightweight 

geopolymer made of highly porous siliceous 

materials with various Na2O/Al2O3 and 

SiO2/Al2O3 ratios," Mater. Sci. Eng. A, vol. 528, 



Friendly Geopolymer Concrete -Development Factors in Eco "M. Elkafrawy, A. Nabil, and N. Meleka 

"Art ReviewA State of the  - 

ERJ, Menoufia University, Vol. 46, No. 1, January 2023                                 115 

 

no. 21, pp. 6616–6623, 2011, doi: 

10.1016/j.msea.2011.04.044. 

[33]  M. S. Reddy, P. Dinakar, and B. H. Rao, "Mix 

design development of fly ash and ground 

granulated blast furnace slag based geopolymer 

concrete," J. Build. Eng., vol. 20, pp. 712–722, 

2018, doi: 10.1016/j.jobe.2018.09.010. 

[34] P. S. Deb, P. Nath, and P. K. Sarker, "The effects of 

ground granulated blast-furnace slag blending with 

fly ash and activator content on the workability and 

strength properties of geopolymer concrete cured at 

ambient temperature," Mater. Des., vol. 62, pp. 32–

39, 2014, doi: 10.1016/j.matdes.2014.05.001. 

[35]  P. Pavithra, M. Srinivasula Reddy, P. Dinakar, B. 

Hanumantha Rao, B. K. Satpathy, and A. N. 

Mohanty, "Effect of the Na 2 SiO 3 /NaOH Ratio 

and NaOH Molarity on the Synthesis of Fly Ash-

Based Geopolymer Mortar ," pp. 336–344, 2016, 

doi: 10.1061/9780784480151.034. 

[36]  P. Azarsa and R. Gupta, "Durability and leach-

ability evaluation of K-based geopolymer concrete 

in real environmental conditions," Case Stud. 

Constr. Mater., vol. 13, p. e00366, 2020, doi: 

10.1016/j.cscm.2020.e00366. 

[37]  BS-EN206.01, B. Standards, Concrete -Part 1: 

Specification, Performance, production and 

conformity, no. 01. 2000. 

[38]  D. E. Ogheneochuko and O. U. Orie, "Optimization 

of superplasticized concrete using Taguchi 

approach: a case study of hydroplast 200," Niger. J. 

Technol., vol. 37, no. 3, p. 611, 2018, doi: 

10.4314/njt.v37i3.8. 

[39]  M. Olivia and H. Nikraz, "Properties of fly ash 

geopolymer concrete designed by Taguchi method," 

Mater. Des., vol. 36, pp. 191–198, 2012, doi: 

10.1016/j.matdes.2011.10.036. 

[40]  T. Phoo-Ngernkham, C. Phiangphimai, N. 

Damrongwiriyanupap, S. Hanjitsuwan, J. 

Thumrongvut, and P. Chindaprasirt, "A Mix Design 

Procedure for Alkali-Activated High-Calcium Fly 

Ash Concrete Cured at Ambient Temperature," Adv. 

Mater. Sci. Eng., vol. 2018, 2018, doi: 

10.1155/2018/2460403. 

[41]  W. Lokuge, A. Wilson, C. Gunasekara, D. W. Law, 

and S. Setunge, "Design of fly ash geopolymer 

concrete mix proportions using Multivariate 

Adaptive Regression Spline model," Constr. Build. 

Mater., vol. 166, pp. 472–481, 2018, doi: 

10.1016/j.conbuildmat.2018.01.175. 

[42]  K. A. Komnitsas, "Potential of geopolymer 

technology towards green buildings and sustainable 

cities," Procedia Eng., vol. 21, pp. 1023–1032, 

2011, doi: 10.1016/j.proeng.2011.11.2108. 

[43]  Joseph Davidovits, "High-Alkali Cements for 21 sf 

Century Concretes," ACI Spec. Publ., vol. 144, no. 

X, pp. 383–398, 1994. 

[44]  J. Davidovits, “Geopolymers,” J. Therm. Anal., vol. 

37, no. 8, pp. 1633–1656, 1991, doi: 

10.1007/bf01912193. 

[45]  P. De Silva, K. Sagoe-Crenstil, and V. 

Sirivivatnanon, "Kinetics of geopolymerization: 

Role of Al2O3 and SiO2," Cem. Concr. Res., vol. 

37, no. 4, pp. 512–518, 2007, doi: 

10.1016/j.cemconres.2007.01.003. 

[46]  S. Jumrat, B. Chatveera, and P. Rattanadecho, 

"Dielectric properties and temperature profile of fly 

ash-based geopolymer mortar," Int. Commun. Heat 

Mass Transf., vol. 38, no. 2, pp. 242–248, 2011, doi: 

10.1016/j.icheatmasstransfer.2010.11.020. 

[47]  R. Shadnia, L. Zhang, and P. Li, "Experimental 

study of geopolymer mortar with incorporated 

PCM," Constr. Build. Mater., vol. 84, pp. 95–102, 

2015, doi: 10.1016/j.conbuildmat.2015.03.066. 

[48]  A. Mehta, R. Siddique, B. P. Singh, S. Aggoun, G. 

Łagód, and D. Barnat-Hunek, "Influence of various 

parameters on strength and absorption properties of 

fly ash based geopolymer concrete designed by 

Taguchi method," Constr. Build. Mater., vol. 150, 

pp. 817–824, 2017, doi: 

10.1016/j.conbuildmat.2017.06.066. 

[49]  A. Mehta and R. Siddique, "Properties of low-

calcium fly ash based geopolymer concrete 

incorporating OPC as partial replacement of fly 

ash," Constr. Build. Mater., vol. 150, pp. 792–807, 

2017, doi: 10.1016/j.conbuildmat.2017.06.067. 

[50]  S. Musaddiq Laskar and S. Talukdar, "Development 

of Ultrafine Slag-Based Geopolymer Mortar for Use 

as Repairing Mortar," J. Mater. Civ. Eng., vol. 29, 

no. 5, p. 04016292, 2017, doi: 

10.1061/(asce)mt.1943-5533.0001824. 

[51]  A. B. Malkawi, M. F. Nuruddin, A. Fauzi, H. 

Almattarneh, and B. S. Mohammed, “Effects of 

Alkaline Solution on Properties of the HCFA 

Geopolymer Mortars,” Procedia Eng., vol. 148, pp. 

710–717, 2016, doi: 10.1016/j.proeng.2016.06.581. 

[52]  G. F. Huseien, J. Mirza, M. Ismail, and M. W. 

Hussin, "Influence of different curing temperatures 

and alkali activators on properties of GBFS 

geopolymer mortars containing fly ash and palm-oil 

fuel ash," Constr. Build. Mater., vol. 125, pp. 1229–

1240, 2016, doi: 

10.1016/j.conbuildmat.2016.08.153. 

[53]  M. H. Al-Majidi, A. Lampropoulos, A. Cundy, and 

S. Meikle, "Development of geopolymer mortar 

under ambient temperature for in situ applications," 

Constr. Build. Mater., vol. 120, pp. 198–211, 2016, 

doi: 10.1016/j.conbuildmat.2016.05.085. 

[54]  P. S. Deb, P. K. Sarker, and S. Barbhuiya, 

"Sorptivity and acid resistance of ambient-cured 

geopolymer mortars containing nano-silica," Cem. 

Concr. Compos., vol. 72, pp. 235–245, 2016, doi: 

10.1016/j.cemconcomp.2016.06.017. 

[55]  H. E. Elyamany, A. E. M. Abd Elmoaty, and A. M. 

Elshaboury, "Setting time and 7-day strength of 

geopolymer mortar with various binders," Constr. 

Build. Mater., vol. 187, pp. 974–983, 2018, doi: 

10.1016/j.conbuildmat.2018.08.025. 

[56]  S. Pilehvar et al., "Physical and mechanical 

properties of fly ash and slag geopolymer concrete 

containing different types of micro-encapsulated 

phase change materials," Constr. Build. Mater., vol. 

173, pp. 28–39, 2018, doi: 



Friendly Geopolymer Concrete -Development Factors in Eco "M. Elkafrawy, A. Nabil, and N. Meleka 

"A State of the Art Review - 

116 ERJ, Menoufia University, Vol. 46, No. 1, January 2023  
 

10.1016/j.conbuildmat.2018.04.016. 

[57]  B. Singh, M. R. Rahman, R. Paswan, and S. K. 

Bhattacharyya, "Effect of activator concentration on 

the strength, ITZ and drying shrinkage of fly 

ash/slag geopolymer concrete," Constr. Build. 

Mater., vol. 118, pp. 171–179, 2016, doi: 

10.1016/j.conbuildmat.2016.05.008. 

[58]  Z. Jiao, Y. Wang, W. Zheng, and W. Huang, "Effect 

of Dosage of Alkaline Activator on the Properties of 

Alkali-Activated Slag Pastes," Adv. Mater. Sci. 

Eng., vol. 2018, pp. 10–12, 2018, doi: 

10.1155/2018/8407380. 

[59]  N. Ranjbar, M. Mehrali, A. Behnia, U. J. 

Alengaram, and M. Z. Jumaat, "Compressive 

strength and microstructural analysis of fly ash/palm 

oil fuel ash based geopolymer mortar," Mater. Des., 

vol. 59, pp. 532–539, 2014, doi: 

10.1016/j.matdes.2014.03.037. 

[60]  R. Arellano-Aguilar, O. Burciaga-Díaz, A. 

Gorokhovsky, and J. I. Escalante-García, 

"Geopolymer mortars based on a low grade 

metakaolin: Effects of the chemical composition, 

temperature and aggregate:binder ratio," Constr. 

Build. Mater., vol. 50, pp. 642–648, 2014, doi: 

10.1016/j.conbuildmat.2013.10.023. 

[61] A. R. Kotwal, Y. J. Kim, J. Hu, and V. Sriraman, 

"Characterization and Early Age Physical Properties 

of Ambient Cured Geopolymer Mortar Based on 

Class C Fly Ash," Int. J. Concr. Struct. Mater., vol. 

9, no. 1, pp. 35–43, 2015, doi: 10.1007/s40069-014-

0085-0. 

[62]  G. Ishwarya, B. Singh, S. Deshwal, and S. K. 

Bhattacharyya, "Effect of sodium carbonate/sodium 

silicate activator on the rheology, geopolymerization 

and strength of fly ash/slag geopolymer pastes," 

Cem. Concr. Compos., vol. 97, no. September 2018, 

pp. 226–238, 2019, doi: 

10.1016/j.cemconcomp.2018.12.007. 

[63]  A. A. Aliabdo, A. E. M. Abd Elmoaty, and M. A. 

Emam, "Factors affecting the mechanical properties 

of alkali activated ground granulated blast furnace 

slag concrete," Constr. Build. Mater., vol. 197, pp. 

339–355, 2019, doi: 

10.1016/j.conbuildmat.2018.11.086. 

[64]  D. Adak, M. Sarkar, M. Maiti, A. Tamang, S. 

Mandal, and B. Chattopadhyay, "Anti-microbial 

efficiency of nano silver-silica modified geopolymer 

mortar for eco-friendly green construction 

technology," RSC Adv., vol. 5, no. 79, pp. 64037–

64045, 2015, doi: 10.1039/c5ra12776a. 

[65]  ASTM C496/C496M − 17, "Standard Test Method 

for Splitting Tensile Strength of Cylindrical 

Concrete Specimens ASTM C-496," ASTM Int., pp. 

1–5, 2017, [Online]. Available: 

ftp://ftp.astmtmc.cmu.edu/docs/diesel/cummins/proc

edure_and_ils/ism/Archive/ISM Procedure (Draft 

10).doc 

[66]  A. C293M, "ASTM Standards C 293-08," Stand. 

Test Method Flexural Strength Concr. (Using 

Simple Beam With Center-Point Loading), pp. 1–3, 

2008, [Online]. Available: 

https://normanray.files.wordpress.com/2010/10/kuli

ah-7-c293.pdf 

[67]  D. Adak, M. Sarkar, and S. Mandal, "Effect of nano-

silica on strength and durability of fly ash based 

geopolymer mortar," Constr. Build. Mater., vol. 70, 

pp. 453–459, 2014, doi: 

10.1016/j.conbuildmat.2014.07.093. 

[68]  B. Lee, G. Kim, R. Kim, B. Cho, S. Lee, and C. M. 

Chon, "Strength development properties of 

geopolymer paste and mortar with respect to 

amorphous Si/Al ratio of fly ash," Constr. Build. 

Mater., vol. 151, pp. 512–519, 2017, doi: 

10.1016/j.conbuildmat.2017.06.078. 

[69]  ASTM-C469, "Standard Test Method for Static 

Modulus of Elasticity and Poisson' s Ratio of 

Concrete," vol. i, pp. 2–6, 2006. 

[70] K . Ramujee and M. Potharaju, “Mechanical Properties 

of Geopolymer Concrete Composites,” Mater. 

Today Proc., vol. 4, no. 2, pp. 2937–2945, 2017, 

doi: 10.1016/j.matpr.2017.02.175. 

[71]  A. A. Mohammed, H. U. Ahmed, and A. Mosavi, 

"Survey of mechanical properties of geopolymer 

concrete: A comprehensive review and data 

analysis," Materials (Basel)., vol. 14, no. 16, 2021, 

doi: 10.3390/ma14164690. 

[72]  ASTM C469-02, “Standard Test Method for Static 

Modulus of Elasticity and Poisson’s Ratio of 

Concrete in Compression,” ASTM Stand. B., vol. 04, 

pp. 1–5, 2002, [Online]. Available: 

http://portales.puj.edu.co/wjfajardo/mecanica de 

solidos/laboratorios/astm/C469.pdf 

[73]  A. Noushini, F. Aslani, A. Castel, R. I. Gilbert, B. 

Uy, and S. Foster, "Compressive stress-strain model 

for low-calcium fly ash-based geopolymer and heat-

cured Portland cement concrete,” Cem. Concr. 

Compos., vol. 73, pp. 136–146, 2016, doi: 

10.1016/j.cemconcomp.2016.07.004. 

[74]  E. U. Haq, S. K. Padmanabhan, M. Zubair, L. Ali, 

and A. Licciulli, “Intumescence behaviour of bottom 

ash based geopolymer mortar through microwave 

irradiation – As affected by alkali activation,” 

Constr. Build. Mater., vol. 126, pp. 951–956, 2016, 

doi: 10.1016/j.conbuildmat.2016.08.135. 

[75]  C. C. Ban, P. W. Ken, and M. Ramli, “Mechanical 

and Durability Performance of Novel Self-activating 

Geopolymer Mortars,” Procedia Eng., vol. 171, pp. 

564–571, 2017, doi: 10.1016/j.proeng.2017.01.374. 

[76]  Y. Cui, P. Zhang, and J. Bao, “Bond Stress between 

Steel-Reinforced Bars and Fly Ash-Based 

Geopolymer Concrete,” Adv. Mater. Sci. Eng., vol. 

2020, 2020, doi: 10.1155/2020/9812526. 

[77]  ASTM-A944, “Standard Test Method for 

Comparing Bond Strength of Steel Reinforcing Bars 

to Concrete Using Beam-End Specimens,” 2015. 

doi: 10.1520/A0944-10.2. 

[78]  F. Matalkah, T. Salem, M. Shaafaey, and P. 

Soroushian, “Drying shrinkage of alkali activated 

binders cured at room temperature,” Constr. Build. 

Mater., vol. 201, pp. 563–570, 2019, doi: 

10.1016/j.conbuildmat.2018.12.223. 

[79]  P. Mukkala, C. Venkatesh, and S. Habibunnisa, 



Friendly Geopolymer Concrete -Development Factors in Eco "M. Elkafrawy, A. Nabil, and N. Meleka 

"Art ReviewA State of the  - 

ERJ, Menoufia University, Vol. 46, No. 1, January 2023                                 117 

 

“Evaluation of mix ratios of light weight concrete 

using geopolymer as binder,” Mater. Today Proc., 

vol. 52, pp. 2053–2056, 2022, doi: 

10.1016/j.matpr.2021.12.140. 

[80]  S. K. U. Rehman et al., “Experimental investigation 

of NaOH and KOH Mixture in SCBA-based 

geopolymer cement composite,” Materials (Basel)., 

vol. 13, no. 15, pp. 1–28, 2020, doi: 

10.3390/ma13153437. 

[81]  R. P. Venkatesan and K. C. Pazhani, “Strength and 

durability properties of geopolymer concrete made 

with Ground Granulated Blast Furnace Slag and 

Black Rice Husk Ash,” KSCE J. Civ. Eng., vol. 20, 

no. 6, pp. 2384–2391, 2016, doi: 10.1007/s12205-

015-0564-0. 

[82]  S. Satpute, M. Shirasath, and S. Hake, 

“Investigation of Alkaline Activators for Fly-Ash 

Based Geo- Polymer Concrete,” Int. J. Adv. Res. 

Innov. Ideas Educ., vol. 2, no. 5, pp. 2395–4396, 

2016. 

[83]  A. Palomo, M. W. Grutzeck, and M. T. Blanco, 

“Alkali-activated fly ashes: A cement for the 

future,” Cem. Concr. Res., vol. 29, no. 8, pp. 1323–

1329, 1999, doi: 10.1016/S0008-8846(98)00243-9. 

[84]  D. Hardjito, C. C. Cheak, and C. H. Lee Ing, 

“Strength and Setting Times of Low Calcium Fly 

Ash-based Geopolymer Mortar,” Mod. Appl. Sci., 

vol. 2, no. 4, pp. 3–11, 2008, doi: 

10.5539/mas.v2n4p3. 

[85]  K. Vijai, R. Kumutha, and B. G. Vishnuram, “Effect 

of types of curing on strength of geopolymer 

concrete,” Int. J. Phys. Sci., vol. 5, no. 9, pp. 1419–

1423, 2010. 

[86]  T. Xie and T. Ozbakkaloglu, “Behavior of low-

calcium fly and bottom ash-based geopolymer 

concrete cured at ambient temperature,” Ceram. Int., 

vol. 41, no. 4, pp. 5945–5958, 2015, doi: 

10.1016/j.ceramint.2015.01.031. 

[87]  Saloni et al., “Performance of rice husk Ash-Based 

sustainable geopolymer concrete with Ultra-Fine 

slag and Corn cob ash,” Constr. Build. Mater., vol. 

279, p. 122526, 2021, doi: 

10.1016/j.conbuildmat.2021.122526. 

[88]  S. Pangdaeng, T. Phoo-ngernkham, V. Sata, and P. 

Chindaprasirt, “Influence of curing conditions on 

properties of high calcium fly ash geopolymer 

containing Portland cement as additive,” Mater. 

Des., vol. 53, pp. 269–274, 2014, doi: 

10.1016/j.matdes.2013.07.018. 

[89]  P. Nath and P. K. Sarker, “Use of OPC to improve 

setting and early strength properties of low calcium 

fly ash geopolymer concrete cured at room 

temperature,” Cem. Concr. Compos., vol. 55, pp. 

205–214, 2015, doi: 

10.1016/j.cemconcomp.2014.08.008. 

[90]  Y. H. M. Amran, R. Alyousef, H. Alabduljabbar, 

and M. El-Zeadani, “Clean production and 

properties of geopolymer concrete; A review,” J. 

Clean. Prod., vol. 251, p. 119679, Apr. 2020, doi: 

10.1016/j.jclepro.2019.119679. 

[91]  A. Hasnaoui, E. Ghorbel, and G. Wardeh, 

“Comparison Between Portland Cement Concrete 

and Geopolymer Concrete Based on Metakaolin and 

Granulated Blast Furnace Slag With the Same 

Binder Volume,” 3rd Int. Conf. Bio-Based Build. 

Mater., vol. 37, no. 2, pp. 127–132, 2019. 

[92] B. Rajini, A. V. N. Rao, and C. Sashidhar, “Cost 

Analysis of Geopolymer Concrete Over 

Conventional Concrete,” Int. J. Civ. Eng. Technol., 

vol. 11, no. 2, pp. 23–30, 2020, doi: 

10.34218/ijciet.11.2.2020.003. 

[93]  D. M. J. Sumajouw, D. Hardjito, S. E. Wallah, and 

B. V Rangan, “Behaviour and strength of reinforced 

fly ash-based geopolymer concrete beams,” Aust. 

Struct. Eng. Conf. 2005, no. February 2015, p. 453, 

2005, [Online]. Available: 

https://www.researchgate.net/publication/26791813

7 

[94]  W. Ferdous, A. Manalo, A. Khennane, and O. 

Kayali, “Geopolymer concrete-filled pultruded 

composite beams – Concrete mix design and 

application,” Cem. Concr. Compos., vol. 58, pp. 1–

13, Apr. 2015, doi: 

10.1016/j.cemconcomp.2014.12.012. 

[95]  C. K. Madheswaran and P. merlin Philip, 

“Experimental and Analytical Investigations on 

Flexural Behaviour of Retrofitted Reinforced 

Concrete Beams with Geopolymer Concrete 

Composites,” Int. J. Mater. Mech. Eng., vol. 3, no. 

3, p. 62, 2014, doi: 10.14355/ijmme.2014.0303.02. 

[96]  A. Aldemir et al., “Shear behaviour of reinforced 

construction and demolition waste-based 

geopolymer concrete beams,” J. Build. Eng., vol. 47, 

no. December 2021, p. 103861, 2022, doi: 

10.1016/j.jobe.2021.103861. 

[97]  ACI 318-19, “Building Code Requirements for 

Structural Concrete (ACI 318-19) Commentary on 

Building Code Requirements for Structural Concrete 

(ACI 318R-19),” Am. Concr. Inst., pp. 1–524, 2019. 

[98]  O. H. Zinkaah, Z. Alridha, and M. Alhawat, 

“Numerical and theoretical analysis of FRP 

reinforced geopolymer concrete beams,” Case Stud. 

Constr. Mater., vol. 16, no. January, p. e01052, 

2022, doi: 10.1016/j.cscm.2022.e01052. 

[99]  K. Zerfu and J. J. Ekaputri, “Nonlinear finite 

element study on element size effects in alkali-

activated fly ash based reinforced geopolymer 

concrete beam,” Case Stud. Constr. Mater., vol. 15, 

no. November, p. e00765, 2021, doi: 

10.1016/j.cscm.2021.e00765. 

[100]  S. Venkatachalam, K. Vishnuvardhan, G. D. 

Amarapathi, S. R. Mahesh, and M. Deepasri, 

“Experimental and finite element modelling of 

reinforced geopolymer concrete beam,” Mater. 

Today Proc., vol. 45, pp. 6500–6506, 2020, doi: 

10.1016/j.matpr.2020.11.449. 

[101]  P. Saranya, P. Nagarajan, and A. P. Shashikala, 

“Performance evaluation of geopolymer concrete 

beams under monotonic loading,” Structures, vol. 

20, no. June, pp. 560–569, 2019, doi: 

10.1016/j.istruc.2019.06.010. 

[102]  T. T. Tran, T. M. Pham, and H. Hao, “Experimental 



Friendly Geopolymer Concrete -Development Factors in Eco "M. Elkafrawy, A. Nabil, and N. Meleka 

"A State of the Art Review - 

118 ERJ, Menoufia University, Vol. 46, No. 1, January 2023  
 

and analytical investigation on flexural behaviour of 

ambient cured geopolymer concrete beams 

reinforced with steel fibers,” Eng. Struct., vol. 200, 

no. September, p. 109707, 2019, doi: 

10.1016/j.engstruct.2019.109707. 

[103]  T. T. Tran et al., “Effect of fibre reinforcements on 

shear capacity of geopolymer concrete beams 

subjected to impact load,” Int. J. Impact Eng., vol. 

159, no. October 2021, p. 104056, Jan. 2022, doi: 

10.1016/j.ijimpeng.2021.104056. 

[104]  N. Altay Eren, “Punching shear behavior of 

geopolymer concrete two-way flat slabs 

incorporating a combination of nano silica and steel 

fibers,” Constr. Build. Mater., vol. 346, p. 128351, 

Sep. 2022, doi: 

10.1016/J.CONBUILDMAT.2022.128351. 

[105]  Q. Meng et al., “Steel fibre reinforced alkali-

activated geopolymer concrete slabs subjected to 

natural gas explosion in buried utility tunnel,” 

Constr. Build. Mater., vol. 246, Jun. 2020, doi: 

10.1016/J.CONBUILDMAT.2020.118447. 

[106]  P. Saranya, P. Nagarajan, and A. P. Shashikala, 

“Behaviour of GGBS-dolomite geopolymer concrete 

short column under axial loading,” J. Build. Eng., 

vol. 30, p. 101232, Jul. 2020, doi: 

10.1016/j.jobe.2020.101232. 

[107]  S. Ali, J. Ahmad, M. N. Sheikh, T. Yu, and M. N. S. 

Hadi, “Analytical load-moment (P-M) interaction 

diagrams of GFRP bar reinforced circular 

geopolymer concrete columns,” Structures, vol. 34, 

pp. 2445–2454, Dec. 2021, doi: 

10.1016/J.ISTRUC.2021.08.131. 

[108]  J. Aldred and J. Day, “Is Geopolymer Concrete a 

Suitable Alternative To Traditional Concrete ?,” 

37th Conf. Our World Concr. Struct., no. August, 

pp. 1–14, 2012. 

[109]  M. Bołtryk, K. Granatyr, and N. Stankiewicz, 

“Ecological aspects in the application of geopolymer 

composites on road surfaces,” Ekon. i Sr., vol. 1, no. 

68, pp. 193–202, 2019, doi: 10.34659/kepq-z363. 

[110]  X. Y. Zhuang et al., “Fly ash-based geopolymer: 

Clean production, properties and applications,” J. 

Clean. Prod., vol. 125, pp. 253–267, 2016, doi: 

10.1016/j.jclepro.2016.03.019. 

[111]  V. Chandrakanth and S. Koniki, “Effect of Review 

elevated temperature on geo-polymer concrete - A 

Review,” E3S Web Conf., vol. 184, pp. 1–4, 2020, 

doi: 10.1051/e3sconf/202018401090. 

[112]  I. Fernandez, M. F. Herrador, A. R. Marí, and J. M. 

Bairán, “Structural effects of steel reinforcement 

corrosion on statically indeterminate reinforced 

concrete members,” Mater. Struct. Constr., vol. 49, 

no. 12, pp. 4959–4973, 2016, doi: 10.1617/s11527-

016-0836-2. 

[113]  K. Ichimiya et al., “Technical Committee on 

Application of Geopolymer Technology to 

Construction Field,” 2016. 

[114]  Z. Emdadi et al., “Development of green 

geopolymer using agricultural and industrialwaste 

materials with high water absorbency,” Appl. Sci., 

vol. 7, no. 5, 2017, doi: 10.3390/app7050514. 

 


