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ABSTRACT

In recent years, the use of activated alkaline slag concretes (AASC), has had a wide
perspective in civil engineering science due to its many environmental benefits (due to the
reduction of the emission of CO2 gas in the air) and high resistance to impact loads. is in
this article, a mixed design of ordinary portland cement concrete (OPCC) containing 500
kg/m3 of portland cement as a control concrete and a mixed design of AASC containing
granulated blast furnace slag (GBFS) was made, and the impact resistance of the concrete
was tested under the weight-drop impact test (WDIT). It was evaluated at temperatures of
21, 300 and 600 °C at the age of 90 days. The obtained results indicate that the increase in
temperature has caused a drop in the results of the WDIT, so that in OPCC, the energy
absorbed and the flexibility index of concrete samples at a temperature of 600 °C drop by
76.92% and it obtained 86.95% improvement compared to 21 °C temperature, while in active
alkali concrete, these figures brought 66.66 and 14.28% drop in results, respectively. In this
regard, the number of impacts required for the occurrence of initial cracks and failure in the
concrete sample had a downward trend with increasing temperature. In this experimental
research, AASC showed superior results compared to OPCC. The results obtained from the
analysis of the images of the scanning electron microscope (SEM) on the concrete samples
overlapped with the other tests of this research.
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1. Introduction

In line with the development of national security and
passive defense in the field of civil engineering
infrastructure, many laboratory works have been done to
produce structural concrete in strategic and sensitive
centers of the country [1-3]. The strength of the reinforced
concrete structures of these centers plays an important role
in reducing destruction and human injuries caused by the

* Corresponding author. Tel.: +989121712070; e-mail: Mhm.Ghanaei@iauc.ac.ir.

enemy's defense operations. Improving the strength of
concrete can be achieved through the type of materials used
in its mixture [4-10].

Ordinary cement production has always brought
environmental concerns due to the consumption of mineral
resources, fossil fuels, and the production and emission of
poisonous carbon dioxide gas. Research has shown that
cement factories are responsible for the release of about 5%
of the total carbon dioxide entering the earth's atmosphere
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[11]. In order to solve these problems, alkali active
concrete which does not use cement was proposed by the
researchers. In the production process of this type of
concrete, aluminosilicate materials and active alkali
solution replace ordinary cement, the final product of this
combination is the production of a large volume of
hydrated gels with high adhesion and filling characteristics
in the matrix of activated alkali cement. Alkaline cements
are a group of active alkali materials, materials that show
superior engineering properties compared to Portland
cement [12]. On the other hand, the amount of carbon
dioxide produced in the production process of alkali-active
materials is much lower than the production process of
ordinary cement [13].

According to yerde's theory, the fireproof property of
concrete is perhaps the most important point in the safety
of structures, and this is the property that fully reveals the
advantages of concrete in this field, therefore, in concrete
structures, protection against Rupture against excessive
heat is provided at the same time [14]. The results of the
research conducted on the effect of heat on AASC showed
that there are no significant changes in the mechanical
properties of concrete under the temperature of 27 to 100
°C, a decrease of up to 40% in the mechanical properties of
concrete, after applying A temperature of 350 °C occurs in
the early stages, and it has also been reported that the exit
of water from the chemical bonding space in hydrated
calcium silicate (C-S-H) leads to the failure of concrete at
a temperature of more than 450 °C [15]. In general, it is
believed that activated alkalis perform better than OPCCs
in facing fire due to their ceramic characteristics [16-18].
The resistance of AASC when exposed to heat depends on
the chemical composition of the concrete constituents, as
well as the temperature and the way it is processed [19].

Impact resistance can be investigated by several types
of tests, including explosion test, projectile impact test,
pendulum impact test, and WDIT. Impact loads are divided
into two groups of impact with low speed and impact with
high speed according to the impact speed. One of the
advantages of carrying out impact test is to determine the
failure energy of the samples, the failure energy is one of
the most important indicators of the science of fracture
mechanics. High fracture energy is a sign of resistance of
samples against crack propagation. Researches have shown
that, in concrete exposed to impact, microcracks extend
ahead of the crack tip and create the area of the fracture
process that originates from local strain [14]. If the degree
of compaction in the microstructure of concrete is high, the
propagation of microcracks against impact loads is
delayed. Superior impact resistance of weight-drop type in
activated alkali concrete compared to OPCC has been
reported in many researches [20-22]. In line with the
application of high heat to concrete samples, with the
increase of temperature and consequently the increase of

cracks on the surface of the sample, the concrete becomes
crystalline or hollow and becomes very fragile against
impact [23]. The objectives and innovation in this
laboratory research through the production of alkali-active
concrete can be summarized as follows:

1. The mechanical and microstructural properties of
alkali activated concrete are improved compared
to OPCC.

2. Helping to reduce the volume of toxic carbon
dioxide gas emissions compared to OPCC
production, according to the report provided by
other researchers in this regard.

3. Helping to maintain the health of the environment
by using (in the composition of activated alkali
concrete) slags accumulated in iron smelting
factories, known as environmentally harmful
substances.

4. Maintaining and reducing the consumption of
mineral resources that are used as the main
materials during the process of making ordinary
cement.

5. Maintaining and reducing the consumption of
fossil fuels that are used as fuel in conventional
cement factories.

2. Materials

In this laboratory research, type 2 Portland cement
produced by Gilan Sabz Cement Industries (Diylman) with
a density of 3250 kg/m3 and a specific surface area of
3000-3200 cm2/g, produced under the ISIRI 389 standard,
was used. The slag of the metallurgical furnace, a product
of Isfahan iron smelting factory, with a density of 2750
kg/m3, a specific surface area of 2200 cm2/g, and an
apparent density of 960 kg/m3 was used according to the
ASTM  C989/C989M  standard, the  chemical
characteristics of this product in Table 1 shows. The water
used for the preparation of lime water and the construction
of the mixture plan in the upcoming research is drinking
water of Lahijan city, this water has a pH in the range of
5.6 to 5.7 and a density of 1000 kg/m3. According to
clauses 9-10-4-2 and 9-10-4-3 of the fourth edition of Iran's
National Building Regulations, water that is drinkable, has
no specific taste and smell, and is clean and smooth can be
used without testing. used in concrete, unless previous
records indicate that this water is unsuitable for concrete.
Consumable aggregate is synthetic and based on the
requirements of ASTM C33 standard, prepared from sand
factories in Lahijan city, some characteristics of the
aggregate are shown in Table 2. Research has shown that
fresh activated alkali concrete has a weaker performance
due to the high viscosity in the activated alkali solution
compared to concrete containing fresh normal portland
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cement. To solve this problem, a superplasticizer based on
polycarboxylate is often used due to Strong bonds between
calcium with positive charge and polycarboxylate with
negative charge is the best option [24]. In this regard, the
4th  generation superplasticizer based on normal
polycarboxylate, a product of Durocham Middle East
company, was used based on the characteristics of Table 3.

Table 1.

Chemical Characteristics of GBFS (%)

The activated alkali solution used in this research is a
combination of sodium silicate and sodium hydroxide
solution with a weight ratio of 2.5, which was used with a
combined density of 1483 kg/m3. Some of the
characteristics of the activated alkali solution used in this
research are in Table 4 is shown.

CaO SIOZ A|203 Fe,04 MgO SOs Na,O K,O TiOz MnO L.O.1
36.72 35.5 9.17 7.49 6.24 0.12 121 0.92 2.49 0.18 0.02
Table 2.
Characteristics of Aggregates
. Water Absorption Density Modulus of Maximum Minimum
Concrete Materials (%) (kg/m?) Softness (mm) Diameter (mm) Diameter
Fine Aggregates 29 2650 2.85 4.75 75(um)
Coarse Aggregates 2.2 2750 5.7 19 4.75(mm)
Table 3.
Characteristics of Normal Polycarboxylate Superplasticizer
. Chlorine lon Density Physical
Flash Point Content pH Standard (kg/m?) Color State
Does Not Have Does Not Have L
About 7 ASTM C494 1100 Brown Liquid
Table 4.
Characteristics of Active Alkali Solution
Molecular The weight The weight Molar Melting Modulus of Density Molarity
Formula (molar) ratio of (molar) ratio of Mass Temperature Elasticity (p)  (kg/m?®) (mol/m3) Color
silicate to water  silicate to sodium  (gr/mol) ©
NaOH - - 39.99 318 33 2130 12 White
Na,SiO; 47 24 122.06 1088 - 2400 12 White
Table 5.
Specifications of Concrete Mix Design
density Curing Ratio
Type S T concrete conditions wi/C
FA! CA2  Water GBFS Cement Quantit mix After mold
Concrete Q / (kg/m?) removal
OPCC 7 765 1000 225 500 kg/m® 2497 In the Water 45%
0.0028 30.63  40.04 9.01 20.02 %
AASC 7 726.63 1000 225 500 0 kg/m? 2494.63 Heat + Dry 45%
0.0028 30.57 40.08 9.19 20.04 0 % Environment

- In AASC, the W/C ratio means the ratio of activated alkali solution to the slag of the used GBFS.

1- FA = Fine Aggregates
2- CA = Coarse Aggregates

3. Mix Design

There is no separate standard for the design of alkali-
active concrete mix, therefore, according to some
laboratory researches [25], the alkali-active concrete mix
plan has been prepared and adjusted according to the
standard of preparation normal concrete under the
recommendation of the ACI 211.1-89 committee. The
concrete mix plan in this laboratory research is shown in
Table 5.

4. Construction and Curing

At first, according to the mixture plan in Table 5, the
consumable materials were weighed and then the dry
materials including cement (or GBFS) and aggregate were
poured into the circulating electric mixer and the mixing
process lasted for 1.5 minutes. ended Next, wetter
materials including water (or active alkali solution) were
added to the mixture and the combination of materials
continued for another 2.5 minutes. Then, the fresh concrete
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mixture was poured into pre-oiled and foiled metal molds
in three stages. In this direction, in order to apply
compaction, 25 impact were given to the concrete mixture
in each stage by a special rod. At the end, the molds
containing concrete samples were stored in a dry
environment under a temperature of 21 °C. After this time
passed, the samples were molded and the OPCC samples
were stored and processed in lime water at a temperature
of 21 °C until the time of the test. AASC samples were
subjected to heat treatment at 60 °C after molding for 48
hours in the oven to improve the strength of this type of
concrete. After this time, the concrete samples They were
removed from the oven and stored and processed in a dry
environment under a temperature of 21 °C until the time of
the test. In line with heat treatment in activated alkali
concrete, research has shown that samples of activated
alkali concrete subjected to heat treatment at temperatures
of 50-70 °C have greater strength than samples at
temperatures of 20 °C [14].

5. Standard and Method of Conducting Tests

Impact resistance test of the weight-drop type at the age
of 90 days according to ACI 544-2R standard on concrete
disc samples with dimensions of 35.6 x 15 cm at
temperatures of 21, 300 and 600 °C was done. This test is
in the field of examining the mechanical properties of
concrete and is a good criterion for measuring the
resistance of structures exposed to impact loads. According
to the standard mentioned in this test, the weight of the
hammer is 4.54 kg, the height of the fall of the weight is
45.7 cm, and the diameter of the metal ball is 6.35 cm. To
perform the test, after the curing age and during the
determined thermal process, the disc samples were placed
inside the impact device just under the weight drop in such
a way that the metal ball is placed exactly in the center of
the sample, then the number of impacts which is registered
for the occurrence of the first crack (N1) and the final
rupture (N2) by a counter installed in the upper part of the
device. The fracture energy for the occurrence of the first
crack (E1) and final rupture (E2) was calculated in terms
of joules through equation 1. In this regard, N is the number
of impacts to create a crack, W is the weight of the hammer,
and H is the height of the fall of the weight. Before
performing the high temperature tests in the WDIT, which
was performed at the age of 90 days, according to the
ISO834 standard, the concrete samples were placed in the
oven at 300 and 600 °C for 1 hour. Then, the samples were
left in the furnace for another 1 hour so as not to be affected
by temperature shock. After the samples were taken out of
the furnace, the samples were kept at room temperature for
24 hours to reach the temperature equilibrium. The use of
this standard has been reported in other researches about

tests under high heat in concrete [26]. SEM analysis was
performed at the age of 90 days in concrete under 21 °C by
SEM with FEI Quanta 200 model. Next, the microstructure
was examined.

E,=NXxXW xH 1)

6. Results and Analysis of Tests

6.1. The Results and Analysis of the Impact Resistance
Test

The results of impact test of falling weight in concrete
are shown based on figures 1, 2 and 3. According to these
results, it can be seen that the increase in temperature
caused a drop in the results in the WDIT, so that in OPCC,
the energy absorbed and the flexibility index of concrete
samples under the temperature of 600 °C 76.92% decrease
and 86.95% improvement compared to the temperature of
21 °C, respectively, while in activated alkali concrete, these
figures are 66.66% and 14.28%, respectively. accompanied
the number of impacts required to cause initial cracks in
concrete samples decreased with increasing temperature.
So that in OPCC, the maximum (10 impact) and minimum
(2 impact) number of impacts for the occurrence of initial
cracks were obtained at 21 and 600 °C. For AASC, the
maximum (14 impact) and minimum (6 impacts) number
of impacts for the occurrence of primary cracks were
obtained at 300 and 600 °C. The number of impacts
required for the appearance of the final crack in the
concrete sample had a downward trend with increasing
temperature. So that in OPCC, the maximum (23 impact)
and minimum (5 impact) number of impacts for the
occurrence of initial cracks were obtained at 21 and 600 °C.
For AASC, the maximum (12 impact) and minimum (9
impact) number of impacts for the occurrence of initial
cracks were obtained at 300 and 600 °C. Alkali active
concrete showed superior results compared to OPCC. This
issue is due to the presence of aluminosilicate materials and
the better pozzolanic activity of GBFS compared to
Portland cement in the concrete composition, which leads
to the production of a higher volume of hydrated gels such
as hydrated calcium silicate (C-S-H) in the composition of
activated alkali concrete. has been These gels improve
compaction and strength in concrete by filling holes, pores
and creating bonds in the interfacial transfer zones (ITZ)
between paste and aggregate. The results of the SEM
analysis on the concrete samples from this research
overlapped with other tests of this research.

6.2. SEM Results and Analysis

In this research, the images obtained from the SEM
imaging test at a scale of 10 micrometers are displayed in

2024-v0l6(3)-p 47-53



Journal of Civil Engineering Researchers 51

©521°C=z300 °C m600 °C

600

500

400

300

200

Final Crack Energy (J)

100

Fig. 1. The Energy Resulting from the Occurrence of the Final Crack
@21 °C ®300°C m600°C

300

250

200

150

100

Absorbed Energy (J)

50

Fig. 2. Absorbed Energy
E21°C @300°C 2600 °C

s

Flexibility Index (J)
=

Fig. 3. Flexibility Index

Figure 4. In these images, the microstructure of concrete in
mixed designs can be summarized in three basic phases:

1. The first phase includes hydration and
geopolymerization products, including hydrated
gels that are mainly dark in color in the pictures,
these gels, after forming and in combination with
other concrete components, are the main factor in
strengthening the microstructure of concrete
through the filling of pores and cavities, as well as
the improvement of bonding in the ITZ and
interlayer zones (in hydrated gels) are known.

2. The second phase includes unreacted crystals that
are formed as a result of impurities in raw
materials or unreacted particles in the process of
hydration and geopolymerization, and they are
mostly white in the pictures.

3. The third phase includes the bonding of cement
paste with aggregates in the interfacial transition
area, as well as the bonding of interlayers in the
structure of hydrated gels.

In the images of activated alkali concrete, no tree
structure can be seen that shows weakness in the
microstructure of the concrete sample. In OPCC containing
portland cement, more pores, holes and the volume of
clinker grains of unhydrated cement are seen than in the
sample of activated alkali concrete. The presence of dark
colored areas in the images indicates the completion of a
large part of the geopolymerization process and the
production of hydrated gels. The white masses in the
images of this design can be attributed to the alkaline
active-forming crystals that did not participate in the
geopolymerization process, and the very small points in the
microstructure of activated alkali concrete can be attributed
to unhydrated GBFS particles. attributed the microcracks
in the picture can be considered as active alkali concrete
samples due to heat treatment at 60 °C. In OPCC, in the
bulk part of Portland cement paste, ions such as calcium,
sulfate, hydroxide and aluminate, which are formed
through aerobic (dissolution) into calcium silicate and
calcium aluminate, combine together and form a gel. They
give ettringite (C-A-S-H) and calcium hydroxide
(Ca(OH)2), in the sense that ettringite is created as a result
of the reaction of calcium aluminate with calcium sulfate,
and with the progress in the hydration stage, weak C-S-H
crystals and the second generation of crystals that formed
from calcium hydroxide (Ca(OH)2) and ettringite gel (C-
A-S-H), they start to fill the empty spaces in the ettringite
and portlandite network, and with this operation, the
density, hardness, and resistance of the ITZ concrete
increases [14]. The researches of others have shown that in
activated alkali concrete, the pozzolanic reaction by
converting CH to C-S-H condenses and homogenizes the
microstructures [27]. The results of SEM analysis in this
laboratory research are in full overlap and harmony with
the results of other tests in this article.

7. Conclusions

In this laboratory study, the production of AASC and its
comparison with OPCC was investigated, following the
impact resistance test of the weight-drop type. The analysis
of SEM images was also done in order to evaluate the
microstructure and verify the results of other tests. The
results obtained in this research are presented as follows:
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Fig. 4. Results of SEM Analysis

1.

Increasing the temperature caused a decrease in
the results of the WDIT, so that in OPCC, the
energy absorbed and the flexibility index of the
concrete samples at a temperature of 600 °C
decreased by 76.92% and 86.95%, respectively.
obtained the percentage of improvement
compared to the temperature of 21 °C, while in
active alkali concrete, these figures were 66.66
and 14.28%, respectively, and the results
decreased.

The number of impacts required to cause the
initial crack in the concrete sample decreased with
the increase in temperature. So that in OPCC, the
maximum (10 impact) and minimum (2 impact)
number of impacts for the occurrence of initial
cracks were obtained at 21 and 600 °C. For
AASC, the maximum (14 impact) and minimum
(6 impact) number of impacts for the occurrence
of initial cracks were obtained at temperatures of
300 and 600 °C.

The number of impacts required for the
appearance of the final crack in the concrete
sample had a downward trend with increasing
temperature. So that in OPCC, the maximum (23
impact) and minimum (5 impact) number of
impacts for the occurrence of initial cracks were

obtained at 21 and 600 °C. For AASC, the
maximum (12 impact) and minimum (9 impact)
number of impacts for the occurrence of initial
cracks were obtained at 300 and 600 °C.

4. In the impact resistance test of the weight-drop
type, AASC showed superior results compared to
OPCC. This issue is due to the better activity of
GBFS compared to Portland cement in the
concrete composition, which has led to the
production of a higher volume of hydrated gels in
the concrete composition. These gels improve the
density and strength of concrete by filling holes
and voids.

5. The results of the SEM analysis on concrete
samples were in overlap and coordination with
other tests of this research.

References

(1]

[2

(31

(4

[5]

(6]

[71

(8]

Mansourghanaei, Mohammadhossein. "Experimental Study of
Impact Strength in Ordinary Concrete under High Temperature,
Along with Validation by SEM and XRD." Passive Defense 14.1
(2023): 1-10.

Mansourghanaei, Mohammadhossein, Morteza Biklaryan, and
Alireza Mardookhpour. "Investigation of the Impact Resistance,
Microstructure and Weight Loss in Fibrous Pozzolanic Concrete
Containing Fibers, Under High Temperatures." Passive Defense
Quarterly 13.3 (2022): 11-23.

Mansourghanaei, Mohammadhossein, Morteza Biklaryan, and
Alireza Mardookhpour. "Comparing the Impact Strength of Alkali
Activated Concrete and Normal Concrete Under High Heat Based on
XRD and SEM Tests." Passive Defense 13.1 (2022): 47-56.
Mansourghanaei, Mohammadhossein, Morteza Biklaryan, and
Alireza Mardookhpour. "Experimental study of the effects of adding
silica nanoparticles on the durability of geopolymer concrete."
Australian Journal of Civil Engineering 22.1 (2024): 81-93.
https://doi.org/10.1080/14488353.2022.2120247

Mansourghanaei, Mohammadhossein, Morteza Biklaryan, and
Alireza Mardookhpour. "Experimental study of properties of green
concrete based on geopolymer materials under high temperature.”
Civil Engineering Infrastructures Journal 56.2 (2023): 365-379.
https://doi.org/10.22059/ceij.2022.345402.1856

Mansourghanaei, Mohammadhossein, and Morteza Biklaryan.
"Experimental evaluation of compressive, tensile strength and
impact test in blast furnace slag based geopolymer concrete, under
high temperature.”" Journal of Civil Engineering Researchers 4.2
(2022): 12-21. https://doi.org/10.52547/JCER.4.2.12
Mansourghanaei, Mohammadhossein, and Morteza Biklaryan.
"Experimental study of compressive strength, permeability and
impact testing in geopolymer concrete based on Blast furnace slag."”
Journal of Civil Engineering Researchers 4.3 (2022): 31-39.
https://doi.org/10.52547/JCER.4.3.31

Mansourghanaei, Mohammadhossein, Morteza Biklaryan, and
Alireza Mardookhpour. "Experimental Study of Mechanical
Properties of Geopolymer Concrete as Green Concrete with a
Sustainable Development Approach in the Construction Industry,
Under High Temperature." Journal of Civil Engineering Researchers
4.4 (2022): 1-11. https://doi.org/10.61186/JCER.4.4.1

2024-v0l6(3)-p 47-53


https://doi.org/10.1080/14488353.2022.2120247
https://doi.org/10.22059/ceij.2022.345402.1856
https://doi.org/10.52547/JCER.4.2.12
https://doi.org/10.52547/JCER.4.3.31
https://doi.org/10.61186/JCER.4.4.1

Journal of Civil Engineering Researchers 53

[9] Mansourghanaei, Mohammadhossein. "Evaluation of mechanical
properties of reinforced concrete based on non-destructive test of
ultrasonic waves, Under high heat." NDT Technology 2.9 (2022):
52-62. https://doi.org/10.30494/jndt.2022.333675.1085

[10] Mansourghanaei, Mohammadhossein. “Laboratory study of
mechanical properties of ordinary concrete under high heat
consumption in hydraulic structures, along with validation by SEM
and XRD tests." Iranian Dam and Hydroelectric Powerplant 9.3
(2022):  11-23.  http://journal.hydropower.org.ir/article-1-483-
en.html

[11] Nosrati, A., et al. "Portland cement structure and its major oxides and
fineness." Smart Structures and Systems, An International Journal
22.4 (2018): 425-432.

[12] Allahverdi, A. L. 1., Ebrahim Najafi Kani, and Mahshad
Yazdanipour. "Effects of blast-furnace slag on natural pozzolan-
based geopolymer cement." Ceramics-Silikaty 55.1 (2011): 68-78.

[13] Neupane, Kamal, Des Chalmers, and Paul Kidd. "High-strength
geopolymer concrete-properties, advantages and challenges."
Advances in Materials 7.2 (2018): 15-25.

[14] Mehta, Povindar K., and Paulo Monteiro. "Concrete: microstructure,
properties, and materials." McGraw-Hill Publishing (2014).

[15] Siddique, Rafat, and Deepinder Kaur. "Properties of concrete
containing ground granulated blast furnace slag (GGBFS) at elevated
temperatures.” Journal of Advanced Research 3.1 (2012): 45-51.
https://doi.org/10.1016/j.jare.2011.03.004

[16] Bakharev, Tatiana. "Thermal behaviour of geopolymers prepared
using class F fly ash and elevated temperature curing." Cement and
concrete Research 36.6 (2006): 1134-1147.
https://doi.org/10.1016/j.cemconres.2006.03.022

[17] Mane, Shweta, and H. Jadhav. "Investigation of geopolymer mortar
and concrete under high temperature." Magnesium 1.5 (2012): 384-
390.

[18] Comrie, Douglas C., and Waltraud M. Kriven. "Composite cold
ceramic geopolymer in a refractory application." Ceramic
Transactions 153 (2003): 211-225.

[19] Tiirkmen, ibrahim, et al. "Fire resistance of geopolymer concrete
produced from Ferrochrome slag by alkali activation method." 2013
International Conference on Renewable Energy Research and
Applications (ICRERA). IEEE, 2013.

[20] Alberti, Marcos G., Alejandro Enfedaque, and Jaime C. Gélvez.
"Improving the reinforcement of polyolefin fiber reinforced concrete
for infrastructure applications.” Fibers 3.4 (2015): 504-522.
https://doi.org/10.3390/fib3040504

[21] Olivito, Renato Sante, and F. A. Zuccarello. "An experimental study
on the tensile strength of steel fiber reinforced concrete." Composites
Part B: Engineering 41.3 (2010): 246-255.
https://doi.org/10.1016/j.compositesh.2009.12.003

[22] Islam, Azizul, et al. "Influence of steel fibers on the mechanical
properties and impact resistance of lightweight geopolymer
concrete." Construction and Building Materials 152 (2017): 964-977.
https://doi.org/10.1016/j.conbuildmat.2017.06.092

[23] Gholhaki, Madjid, and Ghasem Pachideh. . Assessing Effect of
Temperature Rise on the Concrete Containing Recycled Metal
Spring and Its Comparison with Ordinary Fibres." Journal of
Structural and Construction Engineering 6.2 (2019): 141-156.
https://dx.doi.org/10.22065/jsce.2018.93911.1278

[24] Pilehvar, Shima, et al. "Physical and mechanical properties of fly ash
and slag geopolymer concrete containing different types of micro-
encapsulated phase change materials." Construction and Building
Materials 173 (2018): 28-39.
https://doi.org/10.1016/j.conbuildmat.2018.04.016

[25] Deb, Partha Sarathi, Pradip Nath, and Prabir Kumar Sarker. "Drying
shrinkage of slag blended fly ash geopolymer concrete cured at room

temperature.” Procedia Engineering 125 (2015): 594-600.
https://doi.org/10.1016/j.proeng.2015.11.066

[26] Kong, Daniel LY, and Jay G. Sanjayan. "Effect of elevated
temperatures on geopolymer paste, mortar and concrete." Cement
and concrete research 40.2 (2010): 334-339.
https://doi.org/10.1016/j.cemconres.2009.10.017

[27] Du, Hongjian, Suhuan Du, and Xuemei Liu. "Durability
performances of concrete with nano-silica." Construction and
building materials 73 (2014): 705-712.
https://doi.org/10.1016/j.conbuildmat.2014.10.014

2024-v0l6(3)-p 47-53


https://doi.org/10.30494/jndt.2022.333675.1085
http://journal.hydropower.org.ir/article-1-483-en.html
http://journal.hydropower.org.ir/article-1-483-en.html
https://doi.org/10.1016/j.jare.2011.03.004
https://doi.org/10.1016/j.cemconres.2006.03.022
https://doi.org/10.3390/fib3040504
https://doi.org/10.1016/j.compositesb.2009.12.003
https://doi.org/10.1016/j.conbuildmat.2017.06.092
https://dx.doi.org/10.22065/jsce.2018.93911.1278
https://doi.org/10.1016/j.conbuildmat.2018.04.016
https://doi.org/10.1016/j.proeng.2015.11.066
https://doi.org/10.1016/j.cemconres.2009.10.017
https://doi.org/10.1016/j.conbuildmat.2014.10.014

