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Abstract 

Today, the use of nanoscale additives in the concrete industry with the aim of reducing the negative effects of 

Portland cement and improving the mechanical properties of concrete has received much attention. Also, in order 

to reduce the harmful environmental effects and increase the mechanical properties and durability of concrete, 

particles with high pozzolanic properties are used as a suitable alternative to ordinary cement in concrete. In this 

regard, geopolymer concrete using materials containing aluminosilicate materials with adhesive properties and 

filler, as an alternative to cement, has attracted the attention of researchers. Concrete resistance to high heat is of 

particular importance. Geopolymer concrete has a good performance against heat due to its strong structure. In 

the current study, slag-based geopolymer concrete was used with 0-2% polyolefin fibers and 0-8% nano-silica to 

improve its structure. After curing the specimens under dry conditions at a temperature of 60°C in an oven, they 

were subjected to Compressive strength, Tensile strength, and Drop weight hammer tests to evaluate their 

mechanical properties. all tests were performed at 90 days of age under ambient temperature (20 ℃) and high 

temperature (500 ℃). The addition of nano-silica enhanced the whole properties of the slag-based geopolymer 

concrete. Addition of up to 8% nanosilica to the geopolymer concrete composition at 20% temperature improved 

the compressive strength test results up to 21.94%, tensile strength up to 15.19% and impact energy up to 

36.36%. Addition of up to 2% of polyolefin fibers to the geopolymer concrete composition improved the tensile 

strength up to 11.76%, the impact energy up to 8.26 times and the compressive strength drop up to 22.49%. 

Applying high heat to geopolymer concrete samples reduced the compressive strength up to 16%, tensile strength 

up to 21% and impact energy up to 72.72%. The effect of heat on the drop in results in control concrete is more 

than geopolymer concrete. In the following, by conducting the SEM test, a microstructure investigation was 

carried out on the concrete samples. In addition to their overlapping with each other, the results indicate the 

geopolymer concrete superiority over the regular concrete. Besides, it demonstrated the positive influence of 

nano-silica addition on the concert microstructure. (DOI:https//doi.org/10.52547/JCER.4.2.12) 
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1. Introduction 

Cement production while consuming fossil fuels 

has many environmental hazards, in this regard, the 

production of concrete with cement alternative 

materials has always been the focus of researchers. 

Recently, the production of geopolymer concrete 

with high environmental properties and strength has 

been on the agenda of researchers.Research shows 

that cement plants are responsible for emitting about 

5% of the total CO2 into the Earth's atmosphere [1]. 

But The amount of CO2 produced in the geopolymer 

process is much less than the cement production 

process [2].  Geopolymeris a name coined by 

Davidovits [3]. Geopolymer cements are a group of 

alkali-activated materials exhibiting superior 

engineering properties compared to Portland cements 

[4]. Geopolymer is characterized by high 

polymerization materials with aluminosilicate 

structure, which is mainly composed of three cross-

linked unit dimensions, including (SiQ4 (2Al) and 

SiQ4 (3A) [5]. The activation of blast-furnace slag 

with alkaline liquids (e.g., NaOH or water glass) to 

produce alkali-activated slag cement has been studied 

during the past few decades [4]. Granulated Blast 

Furnace Slag (GBFS) is among the environmental 

materials. Using this material instead of cement can 

improve concrete resistance and decrease the 

increasing demand for its usage in concrete[6,7]. In 

addition to positively affecting the mechanical 

properties, the presence of silica particles in the 

geopolymer concrete accelerates the geopolymer 

reaction, reducing the compound alkalinity [8]. The 

influence of the nano-silica in improving the strength 

can be attributed to the following multi-stage 

mechanism that improves the concrete's 

microstructures and thus, increases the mechanical 

properties. 

1. The rise in the pozzolanic reaction [8]. The 

presence of nano-silica in the geopolymer concrete 

accelerates the pozzolanic reaction. 

2. The filling effect of nano-silica particles [9,10]. 

First, the distribution of nano-silica particles besides 

the other concrete particles results in a denser matrix. 

Second, the nano-silica's reaction in the 

geopolymerization procedure produces a larger 

amount of aluminosilicate gel, along with the 

reaction products of the main materials. The reaction 

by-product is likely to deposit in the structure of the 

existing pores. The rise in SiO2 increases the matrix 

density [11]. Therefore, the filling effect of Nano-

silica is improved by the particle packing, and the by-

product produces a denser matrix, reducing the 

porosity and increasing the strength. 

3. It acts as a nucleus [12,13]. In the C-S-H gel 

structure, nanoparticles can act as a nucleus and form 

strong bonds with the C-S particles of the gel. Thus, 

during the hydration, the products' stability increases, 

and the durability and mechanical products are 

expected to improve. 

According to the investigations, nano-silica 

addition to the geopolymer concrete enhances its 

compressive strength until the Silica to Aluminum 

(Si/Al) ratio reaches 2% in the mixture and further 

silica addition decreases the compressive strength 

due to agglomeration and non-uniform 

distribution[14]. also, An improvement is reported in 

the respective compressive strength using nano-silica 

particles in the geopolymer concrete compound [15]. 

On the other hand, The optimum compressive 

strength and tensile strength coefficient were 

obtained by adding 6% nano-silica [16]. 

The presence of materials containing 

aluminosilicate materials in the composition of 

geopolymer concrete due to its pozzolanic properties, 

while participating in the reactivity accelerates the 

geopolymerization process. They fill the concrete and 

strengthen the bond between the aggregates and the 

cement paste in the interfacial transition zones (ITZ). 

It is done weaker. The structure of nanosilica-

containing slag geopolymer concrete can be 

evaluated in microstructural and macrostructural 

dimensions. The macrostructural dimension consists 

of large components visible to the naked eye, which 

is divided into two phases of aggregate and 

geopolymer cement paste, but in the dimension. 

Microstructure Most components must be viewed 

with an electron microscope.According to the studies, 

using macroplastic fibers for concrete improvement 

instead of metal mesh and fibers has captured 

researchers' attention; the concrete-related industries 

widely use polyolefin-based fibers[17]. The studies 

have indicated that adding polyolefin fibers to the 

concrete beams significantly assists the resistance 

after being cracked due to increasing the modulus of 

elasticity[18]. In an investigation conducted on the 
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effect of adding 0.5 of polyolefin fibers to the 

geopolymer concretes, it was observed that the 

compressive resistance of the samples declined by 

12-15%. The samples containing fibers with 55 mm 

in length had undergone lower compressive strength 

more than those with 48 mm in length[19,20]. The 

addition of fibers reduces the compressive strength 

[21]. Comparing the concrete containing regular 

Portland cement with geopolymer concrete, 

McNulty[22] asserted that the geopolymer concretes 

have higher compressive strength. The comparison of 

the specimens with and without nano-silica showed a 

small number of fine cracks in the fracture, which 

slightly increased the impact resistance. The fibers 

were more effective than the nano-silica. Moreover, 

with the addition of polyolefin fibers to the 

geopolymer concrete, its failure became more 

flexible. This behavior was also observed for various 

kinds of fibers in other studies [23-25]. Geopolymer 

concretes resistance in encountering a significant 

level of heating treatment depends on its constituent 

chemical compounds and also the temperature and 

the way of curing[26]. This structure (related to the 

geopolymer concrete) has some merits compared to 

the regular concrete, e.g., it provides better resistance 

performance at higher temperatures[27]. 

The concrete resistance performance against heat 

is complicated. When being exposed to a high 

temperature, geopolymer concrete experiences a 

number of changes indicated based on their thermal 

ranges[28]. 

1. The removal of evaporative water at 100 °C  

2. Calcium Silicate Hydrates hydration starts at 180 

°C; as the temperature increases to 200 °C, the vapor 

pressure continuously elevates in the geopolymer 

structure. 

3. The OH hydroxyl groups are evaporated at 500 °C. 

The dihydroxylation changes the Aluminosilicate 

structure, reducing the resistance level. 

4. An intensely porous ceramic structure is formed at 

800 °C. 

The effect of nano-silica on improving and 

reducing heat resistance can be explained as a multi-

step mechanism that improves the microstructure of 

concrete and, consequently, increases the mechanical 

properties of concrete. 

1- Increase in pozzolanic reaction [8]: Presence of 

nano-silica in geopolymer concrete increases the rate 

of pozzolanic reaction. 

2- Filer effect of Nano-silica particles [29,10]. In the 

first step, the distribution of the nano-silica particles 

besides other particles in concrete leads to the 

creation of a more compact matrix.  Secondly, nano-

silica reaction in the geopolymerization process 

produces a greater amount of Aluminosilicate gels 

and reaction products from main materials. 

3- Acting as a nucleus [30,31] In the structure of C-S-

H gel, nanoparticles can act as a nucleus and create 

strong bonds with particles of C-S-H gel. 

In this laboratory research, the production of slag 

geopolymer concrete with optimal performance in 

compressive strength, tensile strength and impact 

hammer is introduced as an innovation. On the other 

hand, according to the study of others regarding the 

reduction of CO2 emissions by the production of 

geopolymer concrete, this issue is also one of the 

objectives of this research. 

2. Experimental program 

2.1 Materials 

In this experimental study, the Portland cement 

type II with a 2.35 gr/cm3 of specific weight 

according to standard En 197-1 and the Blast Furnace 

Slag was used in powder form with the density of 

2.45 gr/cm3 according to ASTM C989/C989M 

standard. The chemical properties of these materials 

are indicated in Table 1. The nano-silica particles 

made up of 99.5% SiO2 with an average diameter in 

the range of 15 to 25 nm were used. Crimped 

polyolefin fibers according to ASTM 

D7508/D7508M standard, 30 mm in length, were 

also used, whose physical properties are shown in 

Fig. 1. The used fine aggregates were natural clean 

sand with a fineness modulus of 2.95 and a density of 

2.75 gr/cm3, and the coarse aggregates were crushed 

gravel with a maximum size of 19 mm and a density 

of 2.65 gr/cm3 according to the requirements of the 

ASTM-C33.  In this study, the geopolymer concrete 

curing has been performed at 60 °C according to the 

geopolymer concrete standards extracted from 

prestigious articles in this field. 
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Table1 

Chemical compositions of materials 

 
 

 

<500 
Tensile Strength 

(N/mm2) 

30 Length (mm) 

0.8 
Diameter (mm) 

 

>11 
Elasticity 

Modulus (GPa) 

2400 
Bulk Density 

(g/cm3 ) 

2.2 Mix design 

For accurate investigation, six mixture designs 

were considered, according to ACI 211.1-89 

standard. The first sample included a regular concrete 

containing Portland cement where the water to 

cement ratio has considered to be constantly 0.45. 

Five other samples include geopolymer concrete with 

different nano-silica and polyolefin fibers. The 

geopolymer concrete samples are generally 

categorized into two groups: the first group lacks 

polyolefin fibers with the nano-silica amount of 0-

8%. The second group contains 8% of nano-silica, 

where the polyolefin fibers are used in these designs 

in the form of 1 and 2 percent. In order to achieve the 

same performance in each mixture design and obtain 

a slump of about 20 ±100 mm, we have used normal 

polycarboxylate-based superplasticizers. Besides, 

202.5 kg/m3 of the alkaline solution is used in this 

case. The used alkaline solution is a combination of 

NaOH and Na2SiO3 with the weight ratio of 2.5, 

utilized with the mixture specific weight of 1483 

kg/m3 and the concentration of 12 M. The conducted 

studies indicate that due to the significant level of C-

S-H formation when utilizing Na2SiO3, using a 

combination of NaOH and Na2SiO3 increases the 

compressive strength compared to single employment 

of CaOH [32]. The samples mixture design is 

indicated in Table 2. 

 

Table 2 

Details of the mix designs 

 

2.3 Test methods 

After fabricating the samples, for better curing and 

increasing the resistance properties, the samples were 

placed in an oven at 80 °C with a thermal rate of 4.4 

°C/min for 48 h. After taking them out of the oven, 

the samples were kept for 90 days at an ambient 

temperature. After curing the samples and before 

performing the tests heating under standard ISO834, 

the samples were placed in an oven at 500 °C for 1 h. 

In the end, by opening the oven door, the samples 

reached the ambient temperature [33]. In the 

following, the required experiments were conducted 

on the concrete samples, according to the related 

standards. In this study, the compressive strength 

tests were performed on 10-cm3 cubic specimens 

based on BS EN 12390. Furthermore, to determine 

the tensile strength of the cylindrical specimens (15 

cm in diameter and 30 cm in length), the splitting 

tests were conducted based on ASTM C496. The 

concrete's resistance to dynamic loads (impacts) was 

measured using the drop weight hammer test 

according to the report by the ACI 544-2R 

committee. This test was conducted with repeating 

impacts on disks with a diameter of 15 cm and a 

height of 63.5 cm. 
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Figure. 1. Physical properties of the polyolefin fibers 



3. Results and discussion 

3.1 Results of the compressive strength test 

The results of the compressive strength test of 

concrete samples at 20℃ and 500℃ temperature are 

shown in Figure 2. Figure 3 shows the concrete 

sample after the compressive strength test. 

The minimum and maximum compressive 

strengths obtained from the samples of control 

concrete and geopolymer concrete after exposure to 

500 ° C belong to OC-NS0PO0 and GC-NS8PO0 

designs of 38.89 and 75.99 MPa, respectively. GC-

NS8PO0 is approximately 95% warmer than OC-

NS0PO0 design. Increasing the fibers in GC-

NS8PO1 and GC-NS8PO2 mixing designs, compared 

to GC-NS8PO0 geopolymer concrete design, 

increases the heat resistance of the sample. Has not 

been. The maximum and minimum compressive 

strength of the 90-day samples after heating 

compared to the 90-day concrete samples at room 

temperature belong to OC-NS0PO0 design and GC-

NS8PO0 design by 37% and 8%, respectively. The 

percentage of reduction in compressive strength 

(under high temperature), the effect of the properties 

of the base materials (slag and nanosilica) 

constituting the geopolymer concrete in the samples 

of geopolymer concrete are evident in the results of 

the diagram. In this regard, the highest and lowest 

percentages of reduction in compressive strength of 

concrete samples belong to the design of OC-

NS0PO0 and GC-NS8PO2 by 37 and 8%, 

respectively. 

 

 

 

 

 

3.2 Results of the tensile strength test 

The results of the tensile strength test of concrete 

samples at 20℃ and 500℃ temperature are shown in 

Figure 4. Figure 5 shows the concrete sample after 

the tensile strength test. Based on the results, it can 

be seen that the minimum and maximum tensile 

strengths obtained from the samples of control 

concrete and geopolymer concrete after heating at 

500 ° C belong to the OC-NS0PO0 and GC-NS8PO2 

designs of 2.47 and 4.73 MPa, respectively. The 

strength increase is approximately 91% for the GC-

NS8PO2 design compared to the OC-NS0PO0 

design. The sample was exposed to heat after the 

samples were exposed to heat. The maximum 

increase in strength belongs to the GC-NS8PO2 

design by 36% compared to the GC-NS0PO0 design 

of geopolymer concrete. The maximum and 

minimum tensile strength of the 90-day samples after 

heating compared to the 90-day concrete samples at 

room temperature belong to OC-NS0PO0 design and 

GC-NS8PO1 design by 51% and 12%, respectively. 

In the diagram, the highest and lowest percentages of 

tensile strength reduction (under high temperature) of 

concrete samples belong to OC-NS0PO0 and GC-

NS8PO1 designs by 51 and 12%, respectively.  
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Figure. 3. Concrete specimen after compressive strength test 

Figure. 2. The compressive strength of the specimens 



 

 

 

3.3 Results of the impact test 

The results of the impact test of concrete samples 

at 20℃ and 500℃ temperature are shown in Figure 

6. Figure 7 shows the concrete sample after the 

impact test. Following the results, it is observed that 

with increasing heat in control concrete samples, the 

resistance of the samples to falling hammer blows 

decreases and the absorbed energy (6 times) and 

refractive energy (5 times) of concrete samples also 

decreases. Addition of 8% nanosilica and 2% 

polyolefin fibers to the composition of geopolymer 

concrete has improved the results of fracture energy 

and energy absorbed in the impact hammer test, this 

is due to the role of adhesion, filler and nucleation of 

silica nanoparticles in mortar Geopolymer cement 

and end products of geopolymerization. The amount 

of adsorption energy by adding 1 and 2% of fibers 

increases the absorbed energy by 6.2 and 9.3 times, 

respectively, which indicates the good ability of 

fibers to absorb impact energy. At 20 ° C, the 

minimum (223.89 J) and maximum (2829.15 J) 

energy absorbed in concrete samples belong to the 

GC-NS0PO2 and GC-NS8PO2 designs, respectively. 

At 500 ° C, the minimum (40.71 J) and maximum 

(773.44 J) absorbed energies of the OC-NS0PO0 and 

GC-NS0PO2 designs were obtained, respectively. 

 

 

 

 

3.4 Results of the SEM test 

In this study, 10 µm scale scanning electron 

microscopy images at 90 days of curing age are 

shown on concrete samples at room temperature in 

Figure 8 and under high temperature in Figure 9. 

In the samples under room temperature, for 

geopolymer concrete, by increasing the consumption 

of nanosilica in the designs and due to the 

acceleration and greater participation of these 

particles in the geopolymerization process, we see an 

17  Journal of Civil Engineering Researchers 

2022-vol(4)no2-p 12-21 

Figure. 4. The tensile strength of the specimens 

Figure. 5. Concrete specimen after tensile strength test 

Figure. 6. The impact of the specimens 

Figure. 7. Concrete specimen after impact strength test 



increase in the production of hydrated gels in 

geopolymer concrete samples. In these images, the 

amount of white masses due to non-participation of 

particles in the chemical reaction process in Figure 1 

(including control concrete containing Portland 

cement) is higher than other designs (including 

ferrous concrete). The increase in the volume of 

masses obtained from hydrated gels in the 

geopolymerization product is evident by increasing 

the amount of nanosilica in alkaline concrete designs. 

The reduction of porosity in the concrete 

microstructure has been reduced.In Portland cement, 

C-S-H gel consists of silicone and geopolymer 

groups of materials with high polymerization and 

Aluminosilicate structure[34].  In the sample 

containing nano-silica, very few fine cracks are 

observed, in which nano-silica acts as a filler to fill 

the spaces inside the hardened microstructure 

skeleton of the geopolymer paste and increase its 

compaction [14,35]. First, the nanoparticles fill the 

pores of the matrices, which reduces the porosity of 

the geopolymer nanocomposites, resulting in 

uniformity, less pores, and a more compact 

geopolymer matrix [8]. In fact, the pozzolanic 

reaction condenses and homogenizes the 

microstructures by converting C-H to C-S-H [5], thus 

creating more geopolymer gel and a denser matrix 

[36] However, further increase in NS content causes 

insufficient dispersion and accumulation of nano-

silica particles, which slightly reduces matrix 

density[34]. In high temperature samples, tree 

structure due to water evaporation and destruction of 

concrete microstructure is observed. In this case, 

cracks and cavities in the concrete microstructure are 

seen more than concrete samples under room 

temperature. High heat on concrete has caused 

fundamental changes in the microstructure of 

concrete and Portland cement paste matrix and 

geopolymer, this is one of the main factors reducing 

the mechanical properties of concrete under high 

temperature, heat causes water to escape in the 

capillary spaces between gels Hydrate in the 

interfacial transition areas in concrete, water outlet 

also causes pores and weakens the microstructure of 

concrete. In general, it is believed that due to their 

ceramic-like properties, geopolymers have better 

performance in encountering fire compared to regular 

concretes [8,37,38]. Geopolymer concretes resistance 

in encountering a significant level of heating 

treatment depends on its constituent chemical 

compounds and also the temperature and the way of 

curing [26]. The OH hydroxyl groups are evaporated 

at 500 °C. The dihydroxylation changes the 

Aluminosilicate structure, reducing the resistance 

level [33]. According to the obtained results in this 

investigation, all designs at room temperature have 

"superior" quality, and all samples at 500°C have 

average and good quality [39]. 
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Figure. 8. Microstructure (SEM) image under room temperature 



 

4. Conclusions 

In this experimental study, compressive strength, 

tensile strength and impact resistance of hammer 

dropping in ordinary concrete and geopolymer 

concrete at 90 days of curing age at 20% and 500% 

were investigated. The results of this research are as 

follows. 

1. At a temperature of 20%, the lowest (62.43 M.P) 

and the highest (82.96 M.P) compressive strength 

belong to design concrete 1 (including ordinary 

concrete) and design 4 (including geopolymer 

concrete containing 8% nanosilica). The lowest (4.41 

M.P) and the highest (5.51 M.P) tensile strength 

belong to Scheme 2 (including nanosilica-free 

geopolymer concrete) and Scheme 6 (including 

geopolymer concrete containing 2% fibers). The 

lowest (232.89 G) and highest (2829.15 G) impact 

energy in the falling hammer test belongs to Figure 2 

and Figure 6. 

2. At a temperature of 500%, the lowest (38.89 M.P) 

and the highest (75.99 M.P) compressive strength 

belong to design concrete 1 (including ordinary 

concrete) and design 4 (including geopolymer 

concrete containing 8% nanosilica). The lowest (2.47 

M.P) and the highest (4.73 M.P) tensile strength 

belong to design 1 and design 6 (including 

geopolymer concrete containing 2% fibers). The 

lowest (40.71 G) and highest (772.44 G) impact 

energy in the falling hammer test belongs to Figure 2 

and Figure 6. 

3. Applying high heat to geopolymer concrete 

samples reduced the compressive strength up to 16%, 

tensile strength up to 21% and impact energy up to 

72.72%. The effect of heat on the drop in results in 

control concrete is more than geopolymer concrete. 

4. The results of all tests at 20% and 500% showed 

the superiority of mechanical properties in 

geopolymer concrete compared to ordinary concrete. 

5. SEM images, due to the microstructural superiority 

of geopolymer concrete over control concrete, 

covered the results of other tests in this study. 
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