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Abstract

So far, there have been many definitions of concrete. According to these definitions, con-
crete consists of three main materials. These materials include cement materials, water with which
cement materials react and become sticky; and fillers that make up a significant volume of concrete.
Steel reinforcements reinforce concrete under tension, but they have almost no effect on the Turkish
development process. In other words, when the end of the crack reaches the position of the tensile
reinforcements, the rate of crack opening increases and also the crack propagation decreases, and
then when the crack passes through the reinforcement, the crack development increases at a higher
rate. In addition, the presence of reinforcement in certain tensile areas makes the concrete out of
homogeneity and homogeneity, and the assumption of concrete homogeneity in analysis methods
faces problems. The various advantages of using fibers in concrete, such as increasing bending
strength, increasing shear strength, increasing tensile strength, increasing resistance to impact loads,
increasing the amount of energy absorption, and increasing cross-sectional resistance against crack-
ing, have caused the use of fibers in strengthening and repairing all kinds of structures. Concrete
should be used. The results of the compressive strength test in samples reinforced with 1.5% and
2.5% glass fibers are as follows: The use of glass fibers in this research has reduced the effective-
ness of concrete. According to these results, if glass fibers are used, the compressive strength of the
samples is greatly reduced. The use of pozzolanic materials has significantly increased the compres-
sive strength of concrete reinforced with glass fibers. Based on this, the highest compressive
strength of 7 days and 28 days is related to samples reinforced with 2.5% glass fibers and containing
metakaolin. In the samples reinforced with 2.5% glass fibers, with the increase in the amount of me-
takaolin used from 10% to 15%, the 28-day strength of the samples increased from 53.665 MPa to
56.16 MPa.
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Introduction

Due to the thickness and low weight of the parts made of concrete reinforced with glass fi-
bers, it is impossible to use reinforcement in the manufacture of these products. For this purpose, in
these conditions, glass fibers are used to improve the behavior of concrete under tensile and bending
loads and increase strength. Concrete reinforced with glass fibers can be used to make parts in dif-
ferent shapes and designs. In the past, this concrete has only been used in the production of products
with non-instrumental applications in building repairs, sewer linings, tunnel linings, riverbed protec-
tive walls, and sound barriers (Zakerhaghighi et al., 2015).

But in recent years, this concrete has been used as a material with the use of acceptable tools
in the construction of floors of industrial halls, prefabricated roofs, and telecommunication towers
(Norouzian & Gheitarani, 2024). After defining concrete reinforced with glass fibers and examining
different methods of producing this concrete, in this chapter, the characteristics of concrete rein-
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forced with glass fibers and the effect of glass fibers on the mechanical properties of this concrete
have been studied. Concrete reinforced with glass fibers, composite materials include a mortar of
hydraulic cement and fine aggregate, which is reinforced with glass fibers.

This concrete combines the high compressive strength of cement mortar with very high
bending and tensile strength due to fiber reinforcement. The amount of fibers used in this concrete,
according to the application of this product and its production method, is considered between 1 and
6 percent of the weight of concrete reinforced with glass fibers. Using glass fiber reinforced con-
crete is not more economical than traditional concrete in all cases; But in places where there is a
need to spray concrete on a surface where the use of traditional methods is difficult and time-
consuming, or in projects where high execution speed is considered, the cost of using glass fiber
reinforced concrete will be lower than traditional concrete (Norouzian & Gheitarani, 2023).

As mentioned, concrete reinforced with glass fibers has a thin cross-section, which causes
the weight of this product to be low. This leads to savings in handling operations, storage, transpor-
tation, and installation, and as a result, reduces the cost and time of making and operating this con-
crete compared to traditional concrete. Also, due to the low weight of this concrete, the loads on the
building components are reduced and the total costs of the structure are reduced. Products manufac-
tured by glass fiber reinforced concrete are safe, have good chemical resistance, and do not rot or
corrode.

GFRC is made of inorganic materials and does not burn. The design of this concrete is such
that it can pass the flames and also has a good resistance against fire. However, according to ASTM
E119 21 regulations, after 15 minutes, the durability of this concrete against fire depends on the
amount of insulation and thermal resistance of its constituent materials. According to what was said,
according to the characteristics of this concrete, including resistance to cracking, resistance to ther-
mal stress, and acceptable resistance of this concrete to the attack of harmful chemicals, the useful
life of concrete reinforced with glass fibers increases. The cost of repair and restoration of this con-
crete is minimized (Safaei Mehr, M., 2023). In general, there are two main ways to produce glass
fiber-reinforced concrete:

. Premix method
. Spray method
. Premix method

In this method, to produce concrete reinforced with glass fibers, the mortar, and the cut fi-
bers are mixed inside the mixer at the same time (Gheitarani et al., 2024- a). Due to the reduction of
concrete performance when glass fibers are used, to produce high-quality pre-mixed concrete, in the
first stage, all materials including cement, sand, water, and additives are combined in a mixer until a
high-quality and efficient slurry (Kahvand et al., 2015). Produced in the second stage, fibers slowly
are added. The length of the glass fibers used in the premix method is between 12 and 25 mm. The
maximum amount of fibers that can be used in this method is 3% of the weight of concrete rein-
forced with glass fibers. Using larger amounts of fibers causes the fibers to become lumpy and re-
duces the effectiveness of concrete (Sarabi et al., 2023- a).

Theoretical

Among the products produced through the premix method are: solar panels, decorative pa-
nels, tiles, installation equipment, electrical converter housings, and drainage components. Spray
method. To produce concrete reinforced with glass fibers by spray method, in the first stage, cement
mortar and sand are transferred into the spray gun through the pump of the device after mixing (Ma-
leki et al., 2024). At the same time, the bundle of uncut fibers is transferred to a winnowing device
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inside the spray gun. In the last stage, cement mortar, sand, and cut glass fibers are simultaneously
sprayed on the desired surface by air pressure from the spray head Concrete production is done layer
by layer in the spray method. With each movement of the spray gun, a layer of 4 to 6 mm thickness
is poured on the mold, and then each layer is compacted by a wet roller. In general, the spraying me-
thod is done manually and mechanized (Khanian et al., 2019).

A- Manual spray method. As the name suggests, this method is strongly influenced by the
user. In this method, the user takes the spray gun in such a way that the concrete is sprayed vertical-
ly along the form and back and forth on the form. The main use of the manual spray method can be
seen in the production of cover panels, facade elements, and ducting (Norouzian & Sarabi, 2023).

B. Mechanized spray method. The mechanized spray method is used to produce flat and
shallow sections In this method, the molds are placed on a conveyor and the head of the spray gun
moves back and forth on these molds (Samami et al., 2024). This method is used in the production
of facade elements, sandwich covers, and sewer linings. In general, the length of the glass fibers
used in the spray method is 25 to 40 mm and the amount of glass fibers used in this method is 4 to 6
percent. Processing concrete reinforced with glass fibers. The hydration process of cement at am-
bient temperature is relatively slow (Norouzian, M. M., 2024).

For this reason, concrete products usually find the possibility to be processed within several
weeks after concreting, and in this way, get the required strength and resistance. Products produced
by glass fiber reinforced concrete usually have thinner sections and lower w/c than conventional
concrete (Karimimansoob et al., 2024- a; GHADARJANI & GHEITARANI, 2013- a). Therefore, if
these products are not processed properly before completing the hydration process, they will lose
their moisture quickly and will not gain the strength they need. For this purpose, to ensure the com-
plete setting of cement in this concrete, wet curing is done for 7 days. To ensure that the hydration
process is complete, the samples are kept moist immediately after production (Ghadarjani et al.,
2013- b). Today, several methods are used to achieve this, the main ones being: storage in a humid
chamber, sealing the samples in polyethylene bags, and total immersion of the samples in water
(Aydin et al., 2020).

The wet processing period can be divided into 3 parts:

A- Sample processing before removing from the mold. For this purpose, by placing the sam-
ples in a polyethylene cover, the airflow can be minimized throughout the surface of the sample, and
finally, the product can retain the maximum possible amount of water.

B- Samples are wet-treated for at least 7 days by one of the mentioned methods.

C- Sample post-treatment process (for special weather conditions), (Naghibi Iravani et al.,
2024- a; Dizaji, A. A. 2024).

This step is done before storing or using the samples. At this stage, the samples must be
adapted to the weather conditions of the environment before use. In general, each processing process
depends on the product type, production method, and product mixing plan. During the process of
concrete reinforced with glass fibers, the resistance and strength of the products are improved from
an initial value. Therefore, to avoid applying too much stress to the samples in these conditions, how
to remove the samples from the mold, handling, and the main processing process of the samples
should be taken into consideration (Aghazadeh et al., 2019).

Processing with air. Due to the time-consuming process of wet curing, most of the time this
process is not done properly. Therefore, in 1980, research was conducted by the Portland Cement
Association to solve the problems caused by the 7-day curing of glass fiber-reinforced concrete.
They concluded that the addition of acrylic polymer at the rate of 5% of the total volume of concrete
can be a suitable alternative to wet curing. The use of polymer produces a complete membrane
around the particles that make up the concrete and thus prevents the moisture in the concrete from
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escaping. Today, polymer materials are used in the amount of 2 to 10 percent by weight of cement
in concrete reinforced with glass fibers (Naghibi Iravani et al., 2024- b).

In this method, after removing the samples from the mold, the produced product can work in
the environment. Mechanical properties. The mechanical properties of concrete reinforced with
glass fibers include compressive strength, bending strength, tensile strength, modulus of elasticity,
strength, impact resistance, and shear strength.

The most important influencing factors on the mechanical properties of GFRC are the
amount of fibers used, additives (if used), the ratio of water to cement, the amount of sand and adhe-
sive materials, the length and orientation of fibers, and the methods of processing samples. Com-
pressive strength. According to the research done, usually, the compressive strength of concrete in-
creases only slightly in the presence of glass fibers. In general, glass fibers do not have much effect
on the compressive strength of GFRC. According to the research conducted on the behavior of con-
crete reinforced with glass fibers, it can be seen that the stress-strain diagram of these sections under
pressure is linear up to high stresses and similar to the curve obtained from unreinforced concrete.

The presence of fibers has significantly increased the displacement of the samples until the
moment of rupture. Regarding the influencing factors on the compressive strength, the method of
processing the samples is very important (Ghourchi, M. et al., 2018). If the concrete is not processed
well following the mentioned contents, it leads to a direct reduction of all the properties related to
cement mortar, the most important of which is the compressive strength of concrete. According to
the research, the orientation of the glass fibers in the concrete affects the compressive strength. Fi-
bers parallel to the pressure direction create fracture planes, as a result of which the compressive
strength is reduced by about 70%. Tensile strength. In this part, most of the incoming loads are
borne by the mortar before the first crack occurs. The highest tensile stress in this area is called
bending point (BOP), (Karimimansoob et al., 2024- b).

Moving away from the crack surface, the incoming loads are transferred from the mortar sur-
face to the fibers and from the fibers to the mortar. In this case, small cracks are formed on the con-
crete surface. As the loading increases, the cracks become larger and the mortar loses its bearing
capacity. In this condition, glass fibers present in concrete increase the amount of stress until reach-
ing the maximum tensile strength of concrete (UTS).

By breaking the fibers at both ends of the cracks, without increasing the load, the displace-
ment of the samples increases and finally the concrete is destroyed. In the pre-mix method, due to
the lower percentage of glass fibers compared to the spray method and the impossibility of proper
distribution of fibers on the concrete surface, the tensile strength of the samples is greatly reduced.
In this situation, the distance between the BOP and UTS points is very small, and most of the time
these two values occur at the same point (Gheitarani et al, 2024- b). Bending strength The use of
glass fibers strongly affects the behavior of concrete under bending.

As a result of the application of bending loads, after creating cracks on the surface of the
mortar, the glass fibers bear the loads on the concrete surface, causing a significant increase in the
bending strength of concrete reinforced with glass fibers. Impact resistance. Damages caused by im-
pact loads in concrete reinforced with glass fibers are normally inflicted in a specific area. The pres-
ence of glass fibers limits the propagation of cracks outside the stressed area (Naghibi Iravani et al.,
2024- c).

The Izod device is used to calculate the impact resistance of concrete reinforced with glass
fibers. By using this device, the energy required to break the sample is determined by the momenta-
ry impact of a standard pendulum on a sample with standard dimensions and measuring the angular
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rise of the pendulum after the sample breaks. This test is performed on samples with a width of 25-
50 mm and a thickness of 6-12 mm (Gheitarany et al., 2013).

Modulus of elasticity. Considering the low volume of fibers compared to the volume of con-
crete, there is not much difference between the modulus of elasticity of concrete reinforced with
glass fibers and mortar (Zaker Haghighi et al., 2014). Normally, the modulus of elasticity of con-
crete reinforced with glass fibers is expressed by the gradient of the linear part of the stress-strain
curve of this concrete under tension. According to the mentioned contents, by entering reasonable
values in the following equation, it can be shown that the modulus of elasticity of concrete rein-
forced with glass fibers is not much different compared to the modulus of elasticity of unreinforced
concrete (Dizaji et al., 2023).

Ec= EfVf+ EmVm

In this equation, Ec is the modulus of elasticity of concrete reinforced with glass fibers, Ef is
the modulus of elasticity of fibers, Em is the modulus of elasticity of mortar, Vf is the volume per-
centage of fibers, and VM is the volume percentage of mortar, respectively: Fiber length coefficient,
fiber shape coefficient, and fiber orientation coefficient (Farrokhirad & Gheitarani, 2024). Types of
pozzolans. In general, pozzolans can be divided into the following two categories based on their ori-
gin:

A- Natural pozzolans. Some materials are used to produce a pozzolan from the materials
available on the ground. Normally, the production process of these materials includes crushing,
grinding, separating sizes, and in some cases applying heat for activation. These compounds react
with hydrated lime and improve the microstructure of cement paste. The reason for applying the
second restriction is that the presence of sulfur in cement mortar increases the possibility of sulfate
attack, which results in undesirable and destructive expansion (Gheitarani et al., 2013). Among natu-
ral pozzolans, we can mention volcanic ash, calcined clay, metakaolin and zeolite.

B-Synthetic pozzolans. Synthetic pozzolans are materials that are considered by-products in
production processes. The main sources of production of these materials are furnaces that produce
raw iron, steel, copper, nickel, lead, silicon, and ferrosilicon alloys, and power plants that use coal as
fuel. Among the artificial pozzolans, we can mention microsilica, fly ash, and nanosilica (Aghaza-
deh et al., 2017). The effect of pozzolanic materials on the mechanical properties of concrete:

In general, the use of pozzolanic materials in concrete improves many mechanical properties
of concrete. Among the features of concrete containing pozzolan are:

. Reducing the tendency of concrete to water.

. Increasing adhesion and reducing efficiency.

As mentioned, if pozzolanic materials are used, the calcium hydroxide released due to the
hydration process turns into calcium silicate hydrate (C-S-H), which increases the adhesion and de-
creases the efficiency of concrete mixtures .Therefore, to maintain the efficiency of concrete, by in-
creasing the amount of pozzolans, the amount of water used must also be increased or super-
lubricant should be used (Sarabi et al., 2023- b).

. Increasing initial and final capture time:

. The time of the initial and final setting increases slightly when using pozzolanic ma-
terials.
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M ethodol ogy

In this thesis, the effect of using different percentages of glass fibers in samples containing
microsilica, metakaolin, and nanosilica has been investigated. Also, the influence of pre-mix and
spray methods in making concrete reinforced with glass fibers on the mechanical properties of this
concrete has been investigated. Therefore, cubic samples with dimensions of 100*100*100 mm
were made to check the compressive strength, and prismatic samples with dimensions of 13*50*350
mm 69 were made to check the bending resistance and strength of the samples.

Concrete reinforced with glass fibers is cement-filled concrete with a relatively low water-to-
cement ratio (W/CM). The recommended ratio of water to cement for this concrete is about 0.35-
0.33 and the ratio of sand to cement is about 1-0.75. Because the main purpose of this thesis is to
compare the effects of pozzolanic materials and glass fibers on the mechanical properties of con-
crete reinforced with glass fibers in pre-mix and spray methods, in all mixing designs, water ratios It
is fixed to cement materials and sand-to-cement materials and is considered equal to 0.35 and 1, re-
spectively.

In the spray method, to prepare the control design, a design was made without the use of fi-
bers and pozzolanic materials. To prepare samples reinforced with 4% fibers (based on the weight of
concrete), two mixing designs replacing 10% and 15% weight of cement with metakaolin and two
designs replacing 10% and 15% by weight of cement with metakaolin and also two The design was
made by replacing 0.75% and 1.5% nano-silica.

In this method, to prepare samples containing 6% fibers, all the mentioned designs were
made with 6% glass fibers.

In the spray method, glass fibers were used in the amount of 4% and 6% by weight of con-
crete, i.e. 88 and 132 kg/m3, respectively, in the construction of the samples.

In the preparation of the samples by the premix method, all the mentioned mixing designs
were made in the presence of 1.5% and 2.5% glass fibers.

How to calculate mixing plans

First step - In this step, the amount of glass fibers used for each mixing plan is calculated.

For this purpose, first the amount of fibers in one cubic meter of concrete, and then the
weight of the fibers used in the mixing plan is determined.

Fiber% * U (kg/m3) = Wf (1)
Wy
Vp=———
G x 1000

U = specific weight of glass fiber reinforced concrete
WT = weight of fibers in one cubic meter of concrete
V¢= volume of fibers in one cubic meter of concrete

Gy= fiber density

Second step- In this step, to calculate the amount of cement used, the volumetric method has
been used.

In other words, the volume of cement to make one cubic meter of concrete is obtained from
the difference of the ingredients of concrete except cement (Sarabi, M., et al., 2023).

1= Vf+Vw + Vc + Vs +Vmk + Vsf + Vns + Vsup+ A
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Considering that the weight of cement materials is the total weight of cement and pozzolanic
materials used, as well as the ratios of water to cement and sand to cement, are considered equal to
0.35 and 1 respectively (W/CM) =0.35 and S/CM=1), the weight of cement in the mixing plan is
obtained as follows:

As it is known, WCM, which represents the weight of cement materials in one cubic meter
of concrete, can be calculated from the equation.

WCM = WC+ mkX WCM+ sf 2)

WCM +nsx WC 3)

1—v 035 xWey | (1 —%pozzolan)Wey Wem (4)
f ~ 1000 G, X 1000 1 x Gg x 1000

%pozzolan X Wey
Gpozzolan X 1000

sup X Weum
Ggyp X 1000

WCM = weight of cement material in one cubic meter of concrete

MK, sf, ns, amounts of metakaolin, micro-silica, nano-silica, and super lubricant according
to the weight percentage of cement materials.

A = volume of air
Step 3 - Determining the weight of pozzolanic and super-lubricating materials.
Considering that pozzolanic and super-lubricating materials are considered in terms of the

weight percentage of cement materials, calculating the weight of these materials, is done as follows:

Step 4 - Given that the S/CM ratio is considered to be one in this research, to determine the
amount of sand used, the weight of sand should be considered equal to the weight of cement mate-
rials used.

Fifth step - The amount of cement used is calculated as follows:
WC = WCM - percentage of pozzolanic material * WCM &)

The sixth step - calculating the weight of water used (Ww)
Ww=0.35* WCM

We = weight of water used in one cubic meter of concrete. (6)

How to mix materials and make samples. There are different methods for mixing and making
concrete samples .The way of mixing and making concrete samples is effective in the level of effi-
ciency and smoothness of concrete .Due to the sharp reduction of concrete performance in the pres-
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ence of glass fibers and pozzolanic materials, the method of mixing these materials requires great
precision .In this thesis, two methods of spraying and premixing were used to make the samples .For
this purpose, how to mix materials and make samples in these two methods will be examined sepa-
rately.

Resultsand Discussion

Despite the remarkable characteristics of concrete, such as compressive strength, long life,
being available and cheap, concrete is a brittle material and performs extremely poorly under bend-
ing and tensile loads. With the increase of tensile or bending loads, the cracks produced on the sur-
face of the concrete become larger and eventually cause brittle cracks in the concrete.

The use of steel reinforcement reinforces concrete under tensile loads; however, the use of
these reinforcements increases the finished weight of the concrete sections and makes the concrete
out of homogeneity. Since concrete sections with low thickness and weight are sometimes needed, it
is impossible to use steel reinforcement in the construction of these products. In this situation, glass
fibers are used to improve the behavior of concrete under tensile and bending loads. Concrete rein-
forced with glass fibers can be used to make parts in different shapes and designs.

In the past, this concrete has only been used in the production of products with non-structural
applications in building repairs, sewer linings, tunnel linings, riverbed protective walls, and sound
barriers. But in recent years, this concrete has shown acceptable results as a material with structural
applications. With time, glass fibers show weak points in the concrete environment and affect the
mechanical properties of concrete. Therefore, in this research, an attempt has been made to prevent
damage to glass fibers over time by using pozzolanic materials such as microsilica, metakaolin, and
nanosilica.

A brief overview of the activities carried out in the current research. The purpose of this re-
search is to investigate and compare the effect of different percentages of glass fibers and pozzolanic
materials on compressive strength, bending strength, and strength indices of concrete reinforced
with glass fibers. Therefore, glass fiber-reinforced samples were made by premixing and spraying.

Based on this, cubic samples with dimensions of 100 x 100 x 100 mm were prepared to
check the compressive strength, and prismatic samples with dimensions of 13 x 50 x 350 mm were
prepared to check the bending strength and strength of the samples. Because the main purpose of
this thesis is to compare the effects of pozzolanic materials and glass fibers on the mechanical prop-
erties of concrete reinforced with glass fibers, in all mixing plans, the ratios of water to cement ma-
terials (W/ CM) and sand to cement (S/CM) were considered constant and equal to 0.35 and 1, re-
spectively.

To make samples by pre-mix method, in addition to preparing a control design (without fi-
bers and pozzolanic materials), to prepare samples reinforced with 1.5% glass fibers, two mixing
designs with 10% replacement and 15% micro-silica, two designs with 10% and 15% replacement
of metakaolin, and two designs with replacement of 0.75% and 1.5% nano-silica were made. In this
method, to prepare samples containing 2.5% glass fibers, all the designs mentioned were made with
2.5% glass fibers.

In the premix method, glass fibers were used in the amount of 1.5% and 2.5% by weight of
concrete, i.e. 33 and 55 kg/m3, respectively, in the construction of the samples. To investigate
changes in compressive strength in this method, the samples were tested after 7 and 28 days. To in-
vestigate the bending behavior of the samples made by the premix method, the samples were studied
three times 7, 28, and 90 days. According to the mentioned materials, a total of 225 concrete sam-
ples were made in the premix method.
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In the spray method for preparing samples reinforced with 4% fibers, two mixing plans with
10% and 15% replacement of micro silica, two plans with 10% and 15% replacement of metakaolin,
and two plans with 0.75% and 5% replacement of 1% nano-silica was made. In this method, to pre-
pare samples containing 6% fibers, all the mentioned designs were made with 6% glass fibers. In the
spray method, glass fibers were used in the amount of 4% and 6% by weight of concrete, i.e. 88 and
132 kg/m3, respectively, in the construction of the samples. The samples were made by spray me-
thod based on BS-EN 1170-5 standard and using the machine available in the Disman factory.

In the next step, the wash-out test was performed to determine the percentage of glass fibers
used on the concrete surface, according to the BS-EN 1170-2 standard, on the fresh phase of con-
crete. In the spray method, only the bending behavior of the sample was investigated. In this me-
thod, to investigate the bending behavior, the samples were tested three times at 7, 28, and 90 days.
Also, to check the bending strength, three samples were made from each of the designs made by the
spray method.

According to the mentioned contents, in the spray method, a total of 126 concrete samples
were subjected to the four-point bending test. After performing compressive strength and four-point
bending tests, the obtained results were analyzed using the prepared diagrams. Finally, the role of
parameters such as the type and amount of pozzolanic materials, the percentage of glass fibers used,
and the production method of concrete reinforced with glass fibers on the compressive strength,
bending strength, and strength of the samples were investigated.

Conclusion

In this section, the influence of glass fibers and pozzolanic materials on each of the characte-
ristics of compressive strength, bending strength, and strength of the samples has been investigated.
The reason for the increase in the compressive strength of the samples reinforced with glass fibers
due to the use of pozzolanic materials is the filling and pozzolanic properties of these materials.
Pozzolanic materials react with calcium hydroxide in concrete and by producing more cement gel, it
causes the concrete to become denser, which also increases the compressive strength. The use of na-
no-silica along with glass fibers in concrete causes a sharp decrease in concrete efficiency.

In this condition, the lowest amount of compressive strength in the samples reinforced with
glass fibers corresponds to the samples reinforced with 2.5% glass fibers and 1.5% nano-silica.
Arming samples with glass fibers in both premix and spray methods significantly increases the
modulus of rupture. According to the obtained results, it is clear that with time from 7 days to 90
days, the modulus of rupture in the samples reinforced with glass fibers in both premix and spray
methods, due to the damage caused to the glass fibers in the concrete environment, has decreased.

These materials show that the modulus of rupture of concrete reinforced with glass fibers
depends to a large extent on the condition of the glass fibers in the concrete the use of pozzolanic
materials has significantly increased the modulus of rupture of concrete reinforced with glass fibers
in both premixed and sprayed methods. If pozzolanic materials are used in samples reinforced with
glass fibers, the intensity of the decrease in modulus of rupture gradually decreases over time.

The modulus of rupture of the sprayed samples is higher than that of the premixed samples.
Because the spray concreting method, is done with the help of air pressure and in the form of spray-
ing, the glass fibers are uniformly dispersed on the surface of the concrete and higher-quality con-
crete is produced. In this condition, it is possible to use glass fibers with higher percentages than the
premix method. In the spray method, the modulus of rupture increases first by increasing the amount
of glass fibers; but as the amount of glass fibers continues to increase, the modulus of rupture goes
down. According to these results, the improvement of the modulus of rupture compared to the con-
trol samples has an increasing trend with an increasing number of glass fibers from 4% to 5.6% and
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a decreasing trend for values greater than 5.6%. In samples made by the spray method, the highest
modulus of rupture is related to samples reinforced with 4.5% glass fibers and 15% metakaolin (Ag-
hazadeh et al., 2018).

In this condition, the lowest modulus of rupture in designs made by the spray method is re-
lated to samples reinforced with 1.6% glass fibers and 1.5% nano-silica. By examining the samples
after the test, it was observed that the failure occurred in brittle form in the samples without glass
fibers; but the failure in samples reinforced with glass fibers has been completely gradual and soft.
In this situation, in the samples made by the spray method, the modulus of rupture and displacement
of the samples until the moment of failure had much higher values than the samples made by the
premix method.

In samples made by the premix method, the maximum bearable load in concrete is approx-
imately the same as the load at the end of the elastic zone (at the moment of the first crack); While
the samples made by the spray method still show an increase in load after cracking. According to the
obtained results, it can be seen that with time from 7 to 28 days, the specific compressive strength of
cement and also the specific compressive strength of the pozzolanic effect have increased. The use
of pozzolanic materials such as microsilica and metakaolin has increased the specific strength of
cement and the specific resistance of the pozzolanic effect (Gheitarani et al., 2020).

Accordingly, by increasing the use of these materials from 10% to 15%, the contribution of
pozzolanic materials to the compressive strength and modulus of rupture of the samples has in-
creased; But if nano-silica is used, with the increase in the amount of use of this material, the contri-
bution of pozzolanic materials to the compressive strength and modulus of rupture of samples con-
taining nanosilica has decreased. As the age of the samples increased from 7 days to 90 days, the
specific modulus of rupture of cement decreased; this is even though no specific trend can be seen in
the changes of the specific modulus of rupture of the pozzolanic effect over time.

In general, the use of glass fibers in concrete increases the strength of concrete. According to
the obtained results, it can be seen that with the increase in the amount of glass fibers, the 10 and
120 indices increase strongly. By examining the obtained results, it can be seen that the values of I5
and 110 indices in the samples containing micro-silica and metakaolin have increased compared to
the samples without pozzolanic substances. According to these results, the highest values of the
mentioned indices are related to the samples containing metakaolin. In the pre-mix method, it is ob-
served that after 28 days, the final rupture occurs in many mixing designs at a deformation less than
the deformation equivalent to 5/10 times the moment of the first crack. This issue occurs more in-
tensively after 90 days (Khanian et al., 2013).

In the samples made by the spray method, with time, the values related to the 120 index have
decreased. The damage caused to the glass fibers caused by the alkaline environment of concrete
and the cement hydration process has caused the decrease of 120 index values over time. In the spray
method, the 120 index has an increasing trend with increasing the amount of glass fibers from 4% to
about 5.6% and a decreasing trend for values greater than 5.6%. In this condition, the highest values
of the 120 index correspond to samples reinforced with 4.5% glass fibers and containing 15% meta-
kaolin. According to the obtained results, the lowest values of strength indices are related. To sam-
ples reinforced with glass fibers and containing nano-silica.

In samples containing nano-silica, with the increase in the use of glass fibers and nanosilica,
the reduction of strength indices in samples armed with glass fibers has increased. As the amount of
glass fibers increases, after the first crack (LOP), the load increases with a smaller slope. In this sit-
uation, in the spray method, due to the amount of glass fibers than the samples made in the premix
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method, after the first crack (LOP), the load increases with a lower slope. In this condition, the value
of MOR exceeds LOP, and endurance increases.

Suggestions for future research. To conduct further research, the following suggestions are
made. In this research, samples were processed in 20% water. To check the mechanical properties
of concrete reinforced with glass fibers, other processing methods such as processing with polymer
materials can be used. Because the mechanical properties related to glass fibers change over time;
Therefore, it is suggested that to check the durability of concrete reinforced with glass fibers, the
mechanical properties of this concrete in intensified conditions such as placing samples in hot water,
freezing and thawing cycles, and wet and drying cycles, be studied.

The effect of using glass fibers with different dimensions on the mechanical properties of
concrete reinforced with glass fibers should be investigated. The use of different types and lengths
of glass fibers can be fruitful to better investigate the role of fiber length on different parameters of
bending strength. Considering that in this research, the ratios of water to cement and sand to cement
were considered constant. It is suggested that this research be done for different proportions of water
to cement and sand to cement. The effect of different percentages of glass fibers and pozzolanic ma-
terials on the tensile behavior of concrete reinforced with glass fibers should be investigated as an
important factor in the design of this concrete.
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