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1. Introduction

Geopolymer concrete (GC) has been found to have better results than Portland
cement concrete (PCC), including lower carbon dioxide emissions, higher
compressive strength, and greater durability. The study aims to determine the effects
of basalt fiber on GC due to the impact caused by the sudden loading effect. Samples
were prepared with different mixing ratios for the experimental process, with PCC
used as the control sample. Basalt fibers were added to the samples in three different
ratios based on optimal mixing ratios determined through physical and mechanical
tests, such as UPV (Ultrasonic Pulse Velocity), compressive strength, and flexural
strength. Subsequently, fibrous samples were analyzed using SEM (scanning
electron microscopy) and EDS (energy dispersive spectroscopy). A drop-weight
experiment was conducted on GC plates measuring 50x50x5 ¢cm, which contained
two different fiber ratios that yielded the best mechanical and physical properties.
The results were analyzed using numerical modeling methods. No changes in
content were made. The sample with the highest impact resistance was found to be
the 2% basalt fiber-reinforced GC, with a displacement value 21.21% lower than
PCC. The language used is clear, concise, and objective, with a formal register and
precise word choice. The text follows a logical structure with causal connections
between statements and adheres to conventional academic formatting and citation
styles. The ANSYS modeling results indicated an 89.63% similarity with the
experimental data regarding the displacement values. Additionally, the study
demonstrated that the inclusion of basalt fiber additives enhances the impact
resistance of geopolymer concrete. Furthermore, numerical modeling can predict the
impact behavior of concrete to a significant extent, eliminating the need for
experimental processes.

The most used building material today is conventional concrete. The concrete industry needs help in meeting
the need for Portland cement concrete (PCC) due to the slow progress of production, the limited limestone
reserves, and increased carbon emissions [1]. But now, due to society’s global climate crisis, research has
been conducted on alternative materials such as geopolymer concrete, in other words, cementless concrete.
Geopolymer concretes (GC) have recently been used as an alternative to PCC. The main reason is that GC
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contains different binders instead of cement. Portland cement (PC) needs excess fuel and high-temperature
furnaces during production. GC has created an environmentally friendly alternative to PCC [2].

The properties of GC can be optimised with the right selection of raw materials, the right mixing, and the
processing design to suit a specific application. The most important factors affecting GC properties can be
listed as the SiO,/Al,O3 ratio, R,O/Al,O3 ratio, SiO2/R,0 ratio (R = Na or K), and the liquid-solid ratio.
Depending on this list, NaOH and Na2SiO3 were used in this study to create an alkaline silica reaction. In
addition, previous studies have reported that GC has high early strength, low shrinkage; freeze-thaw,
sulphate, corrosion, and acid resistance; resistance to fire, high durability, and alkaline aggregate reaction
[3].

It has been observed that GCs exhibit excellent volume stability and better durability compared to PCC
Also, including different types of fibers in the geopolymer matrix has proven useful in achieving the desired
mechanical and durability properties [4]. One of these is basalt fiber (BF). Because these fibers are obtained
from volcanic rocks, BF's strength, durability, and temperature resistance are high [5]. BF production cost
may be low [6]. In addition, BF fills the cracks that will form in the concrete and delays the crack expansion,
allowing excessive amounts of energy to be absorbed. Thus, it increases the impact resistance of concrete
[7]. An impact-resistant reinforced GC can be used in strategic structures to minimize the impact of sudden
loads caused by rocket attacks on airport runway concretes, concrete roads, and security barriers [8]. Impact
experiments are used to observe the impact resistance of concrete. Dynamic loads (i.e., impact) are often
attractive for researchers to characterize the response of material subjected to such loads, especially in
military applications. The damages caused by impact loads vary depending on the impact speed, load,
geometry, and material properties of the structure [9].

Considering the difficulties and cost of working on large concrete slabs, the method of estimating the
results through modelling is available in the literature. In his study, Madheswaran et. al. analysed the results
using the finite element method (FEM) of reinforced geopolymer concrete slab with dimensions of 1x1 m
and thickness of 60 mm and only supported boundary conditions [10]. When another study was examined,
the results obtained by ANSYS software concluded that reinforced GC and standard PCC showed similar
deviations [11]. In a research that has prepared hardened concrete beams with a size of 100x150x1000 mm
under steam curing for 24 hours. Then it was left to ambient curing for up to 28 days. The beams were tested
for the two-point load method, and deviations were measured. ANSYS models were created, and
experimental results were compared with ANSYS models. The modelling results gave values close to
experimental results [12].

Numerous studies on geopolymer concrete exist in the literature. However, studies about impact
resistance and modeling of basalt fiber-reinforced geopolymer concrete (BFGC) formed because of falling
weight experiments in real dimensions have yet to be encountered. Therefore, the data obtained from this
study will provide new findings and contribute to the originality of the research. It is expected that this study
will lead to further research in this area. The primary objective of this study was to determine the optimal
mixing ratio of geopolymer concrete for slab samples subjected to impact experiments. To achieve this, ten
different mixing ratios were tested, varying the percentage of mineral additives. The binder used in this study
was blast furnace slag. Compressive and flexural tests were conducted on cube samples measuring 10x10x10
cm and beam samples measuring 10x10x50 cm, which were prepared using the determined mixing ratios
and tested on the 28th day. Additionally, a test was conducted to measure the quality of the fresh concrete's
fluidity. Then, the fibrous samples were poured using the mixing ratio that yielded the best results in the
tests, namely BS10, and the same tests were applied to them. For the slab samples, fiber ratios of 1% and 2%
were chosen as they produced better results than samples with basalt fiber added in a ratio of 0.5%-1%-2%
by volume. The slabs were prepared using a %1 and %2 fiber ratio in the BS10 mixing ratio. A drop-weight
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impact test was conducted on the samples, and the deformation data were compared with the ANSYS
Package Program simulation. The inferences intended to be drawn from this study are:

e To observe the effect of BF on impact, compressive and flexural strength.

e To determine the ratio in which mineral additives perform better.

e  Comparison of GC and PCC in terms of mechanical and impact resistance.

e  Comparing the numerical analysis results with experimental data.

2. Experimental program

The experimental and numerical flowchart of the study is indicated in Fig.1.

2.1. Materials

The materials used to construct GC samples are aggregates, alkaline liquids, water, superplasticizer, and
mineral additives. This study used ASTM-F to grade the fly ash (FA) with a low calcium content. Blast
furnace slag (BFS) is generally preferred for increasing the strength and durability of concrete without
thermal curing [13]. In this study, BFS was used as a binding material in GC. On the other hand, CEM 11/42.5
cement was chosen as the control sample poured PCC because it contains limestone and slag in its
construction and has a strength of 42.5+ MPa. Silica fume (SF) is used in concrete to improve its properties,
such as compressive and adhesion strength; it reduces permeability [14]. The chemical properties of SF, BFS,
and FA are indicated in Table 1.

As an alkaline activator, the Na;SiO3s/NaOH ratio was 2.5. 12 M NaOH solution selected [15]. 0-5 mm
fine aggregate and sand, 5-12 mm coarse aggregate were used, and the water was used only to saturate the
aggregate. The value was determined according to the water absorption capacity of the aggregate. Another
material used for GC is BF. Fiber reinforcement has been made to increase the flexural strength of GC [16].
In the study of Zhao and his colleagues, it was observed that the GC bond strength increases as the fiber
length increases [17]. For these reasons and because using BF of different lengths is limited in the literature,
12-16 mm BF was preferred in this study. The fiber's physical and chemical properties are indicated in Table
2.
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Fig. 1. Experimental and numerical flowchart
Table 1. The chemical properties of SF, BFS, FA
SF BFS FA
Elements Ratio Elements Ratio Elements Ratio
C203 3.5-5% SOs 0.20% SOs3 0.20%
SiO2 70-80% MgO 59.37% SiO2 59.37%
Fe203 1.17-5.0% S 8.62% Fe20s3 8.62%
Al203 2.55-4.10% Cl 21.40% Al2Os 21.40%
CaOo 1.06-1.80% CaOo 32.55% Cao 3.23%
MgO 8.05-9.9% Si+Mg+Ca 2.10% MgO 2.10%
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Table 2. The physical and chemical properties of BF

Properties Value Module

Specific Gravity 2.60-2.80 g/lcm®

Length 12-16 mm

Diameter 9-23 u

Tensile Strength >4000 MPa

Elastic Modulus 80-90 GPa

Elongation at Break 2.0-45 %

Humidity <1 % The BF used in the experiment
Temperature of Application -850 °C

This study used a superplasticiser that provides flowability/workability in polycarboxylic acid-based
concrete. The superplasticizer was used in the proportion of 1% of the binder [18], and as a reinforcement,
15x15x0.5 cm (Q131/131) wire mesh steel is used.

2.2. Test samples and mixing proportions

The preliminary experimental samples consisted of a 10x10x50 mm beam and a 10x10x10 mm cube for
each mixing ratio. Mechanical and physical experiments were conducted on these samples. A mixing ratio
of 10 pieces was determined for the pre-test samples, as shown in Table 3. Due to the lack of a standard
guideline, a trial-and-error procedure was adopted to determine the mixing ratio of the GCs.

The preliminary experiments determined the mixing ratio of the main experimental sample. Therefore,

the BS10 mixing ratio, which provides the highest strength, was used (0.5%-1%-2%). The samples with
added fiber were subjected to flowability, compressive, and flexural tests following the ASTM C1437 and
ISO 9812 standards. [20,21]. The compressive strength test was performed on cubic samples with lengths of
10 cm by ASTM C39. The flexural strength was tested with a three-point flexural experiment on the
10x10x50 cm sized beam samples according to the TS EN 12390-5, ASTM C293M, and ASTM C923
standards [19,20]. Table 4 presents the detailed proportions of GC and PCC samples.
In a study, 200 mm flowability is defined as %100 flowability when the flowability of mortars is presented
in mm [22]. When Table 5 is examined, the decrease in the BFS ratio with adding FA increased the
workability. This is because when angular and flaky BFS particles are added to the rounded FA particles, it
restricts the movement of the round FA particles, reducing the flow of the geopolymer paste. When the results
were examined, it was found that PCC is less fluid compared to GC. A research was explained that this is
due to the dense nature of the alkaline liquid used [23]. At last, the element that determines the choice
between B100 and BS10 samples, which show similar values in terms of compressive strength, has been
processed decisively. Therefore, the BS10 sample, which has relatively higher workability, was selected as
the main mixing ratio. However, it has been observed that as the fiber ratio increases, the processability
decreases. For this reason, fiber ratios such as 0,5%-1%- %2 were held at the border. To increase the fiber
content, regardless of the type and geometry, reduces the flowability of fiber-reinforced geopolymer
composites [24]. This supported by another study that increasing the fiber content, despite reducing the
workability, leads to forming many microcracks instead of large macro cracks [25]. A mixing was prepared
for PCC targeting an average workability value and PC52.5. The experiment compared the preliminary
samples to determine the optimal ratio for propagation.

Table 3. Mixing ratios of 10 pieces determined for the pre-test samples
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% B100 BA10 BA20 BA30 BS10 BS20 BS30 BS50 S100 BSA25

SF 0 0 0 0 10 20 30 50 100 25
BFS 100 90 80 70 90 80 70 50 0 50

FA 0 10 20 30 0 0 0 0 0 25

Table 4. Mixing proportions for samples of GC and PCC (kg/m?) [19]

Coarse Agg']:.irgan q Binders Alkaline Activator | Fiber Super- LB
Samples Agg. (9) Q) (k9) (9 (@9 | water | plas.
5-12 mm 0-5mm SF BFS PC | Na:SiOs NaOH | Basalt ©
BS10-F0.5 640 1180 40 360 114.3 45.7 1.35 0 4 0.4
BS10-F1 640 1180 40 360 114.3 45.7 2.7 0 4 0.4
BS10-F2 640 1180 40 360 114.3 45.7 5.4 0 4 0.4
PCC 800 920 550 0 198 0 0.36
Table 5. Flowability of samples
Samples PCC B100 BA10 BA20 BA30 BS10 BS20
Flowability (mm) 96 83 90 100 102 103 107
Samples BS30 BS50 S100 BSA25 BS10-F0,5 BS10-F1 BS10-F2
Flowability (mm) 108 113 87 115 112 107 103

After considering all factors, we selected 1% and 2% fiber ratios for the impact tests. As a control sample,
we prepared PCC plates sized 50x50x5 cm. In the drop-weight test, 50x50x5 cm-sized plates prepared with
two different fiber ratios (1-2%) were used, which had better flexural strength when the preliminary
experimental data were considered. In addition, a spherical-tipped impact hammer with a diameter of 9 cm
and a weight of 3.035 kg was used. The experiment involved dropping a spherical impact hammer from a
height of 4.13 m onto the middle point of the plates. The test method was applied based on the literature
review due to the lack of standards for this experiment.

3. Numerical Analysis

3.1. Obtaining displacement data

This study uses the digital image processing method (DIPM). The reason is that installing data acquisition
sensors in the material and device is a disadvantage in cost and time. Especially during the analysis of
dynamic loads in structures, acceleration, speed, time, displacement, and data are important for damage
detection. Slow motion video recording was captured with the help of a SONY RX 100-4 camera. The data
were obtained by correlation-based template matching method. The pixel label in which the label is located
is introduced to the software using the MATLAB language, and a displacement-time graph is taken [26].
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3.2. Processing of displacement data to the program

Several material models are proposed and available in commercial software to describe the dynamic behavior
of concrete. One of them is Riedel-Hiermaier-Thoma (RHT) model [27]. This study defined GC with RHT
because it was thought to better describe concrete behavior under dynamic loads [28]. The literature took the
RHT model used in the analysis [29]. Data on concrete with a compressive strength of 35 MPa is defined in
the material library. The RHT model is formulated so that the entered data defines the compressive strength.
Thus, the concrete defined in the library can be taken to select the material. The only factor that has changed
has been the compressive and tensile strength depending on the concrete. Stainless steel has been selected
for the dropped sphere. The density was entered as 7950 kg/m? to apply the sphere’s weight. Fig. 2. shows
the stages of modelling, meshing, and supporting the concrete, impact sphere, and wire steel.

(b)

Fig. 2. Concrete and impact sphere model (a), meshing(b), wire-steel meshing(c), supporting(d)
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4, Results and discussion

4.1. Compressive and flexural strength results
The formula below calculates the flexural strength of the concrete beam sections loaded from the middle.

R = 3PL/2bd? (1)

where, R is the breaking modulus (MPa), P is the maximum load on the beam (N), L is the span length (mm),
b is the average width of the beam cross section (mm), d is the average depth of the beam cross section (mm)
[30].

The samples’ maximum standard deviation ratio is 3%. As shown in Fig. 3, BS10, which yielded the
highest strength of 60 MPa on the 28th day, was selected as the optimal mixing ratio. PCC is intended to
produce a result similar to that of BS10, as it is a compressive strength control sample. Furthermore, the
strength decreased with the addition of FA. In a reserch, the greatest compressive effect of FA was achieved
by adding 50% to the mixture. The strength of the concrete decreases when it falls below 50%. Additionally,
the flowability of the concrete increases with the addition of FA [31]. As a result, it can be inferred that the
compressive strength decreased as the flowability increased. The strength of the mixture increased by 10%
with the addition of SF. This can be attributed to the formation of a more compact structure by filling the
voids with the microstructure of SF, thereby increasing the strength. . However, a decrease was observed in
other ratios. UPV decreased as the SF participation rate increased. From here, it can be said that the concrete's
strength decreases as its flowability increases when the SF ratio exceeds 10%. Just like in the FA, SF lost
strength as the flowability of the concrete increased. However, when the SF contribution reached 100% on
the 28th day, the strength decreased by 46.41%, 22.38%, 22% and 21.18%, respectively, compared to other
SF ratios [32]. The reason for this may be the inability of the concrete to settle due to the low workability of
the concrete. In the study of Singh et al., it was found that the strength decreased when SF was added to the
mixing at a rate of 20% [31]. In addition, when Fig. 3 was examined, it was found that the fiber ratios changed
by less than 1% and did not significantly affect compressive strength. To add BL by 1% has no significant
effect on compressive strength [33]. However, in a study, it was concluded that the compressive strength of
2% BFGC is higher than 1% BFGC [34]. The literature shows parallels with the experimental results found.
The flexural strength of 100% BFS-based GCs is 3.64% higher than 100% SF-based GCs [35]. This may be
because SF increases the early-age strength of concrete[36]. As with the compressive strength on the 28th
days, the flexural strength decreased as the SF ratio increased [36]. However, the flexural strength of 100%
BFS-based GC is 3.64% higher than 100% SF-based GC. As with the compressive strength per day, the
flexural strength decreased as the SF ratio increased. Like this result, Another research observed in their
studies that the flexural strength decreases with increasing ratio in BFS-based GC, to which they added SF
at a rate of 10% to 60% [37]. However, the flexural strength decreased when more than 10% FA was added
to the BFS mixing. Similar results have been obtained in the literature [38]. Thus, it can be argued that adding
FA and SF with small micron structures to more than 10% concrete yields poor results. It has shown values
close to BS20 and BA20 because it has FA and SF at 25% of the BSA25 content. On the other hand, the
PCC is similar to the literature; ANSYS Workbench software developed based on the FEM was used to
compare the multiplication experiment results. Has shown values approximately close to B100 [19,36]. BS10
gave the highest result compared to other SF and mixing ratios. A study that the addition of SF at a rate of
10% is optimal [40]. The flexural strength values of fibrous GC were higher compared to non-fibrous mixings
and PCC. Another a research has obtained similar results in his study [41]. Considering the experimental
data obtained and the literature studies supporting them, the highest flexural strength was found when SF
was added to the BFS mixing at 10%. In addition, since 1% BFGC and 2% BFGC have a higher flexural
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resistance of 1.34% and 2.58% compared to 0.5% BFGC, respectively, these two fiber ratios were preferred
for the main experiments.

The flexural and compressive strength correlation graphs are shown in Fig. 4. Considering the coefficient
of determination (R2), it can be said that there is a strong correlation between flexural and compressive
strength. This is because the coefficient of determination expresses how much of the change in the dependent
variable is explained by the independent variable(s). This situation indicates the explanatory power of the
regression model [38]. Besides, as seen in Fig. 5., the flexural and compressive strength increased linearly
with the percentage increase of BF participating in the optimal mixing. It has also been observed in the
literature that BF increases flexural strength [16]. As a result, the addition of fiber increases compressive and
flexural strength.
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Fig. 5. Correlation between fiber ratios and compressive (a) and flexural (b) strength

4.2. Ultrasound pulse velocity results

Ultrasonic pulse velocity (UPV) has been tested to measure the permeability of samples. Data were obtained
with the help of sound waves based on ASTM C 597 [39]. The UPV is mainly related to the mixing density
and the modulus of elasticity [41]. Accordingly, to reduce the separation rate, it is important that the concrete
pouring is good and that enough thin material is used. In the experiment, good transition times with a
sensitivity of 0.1 ps were measured with an ultrasound instrument. The sound transition velocity was
obtained by dividing the measured sample length by the recorded transition time[39]. The formula is given
below:
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Vs =1/t )

where, Vs is ultrasonic pulse velocity (km/s), 1 is transfer distance of electronic waves (mm), and t is
ultrasonic pass rate (us).

The max standard deviation ratio of the samples is 2%. In general, UPV represents the homogeneity and
presence of defects in the microstructure and pore structure, such as voids and cracks, which directly affect
the permeability properties of concrete [41]. When Fig. 6 was examined, as the FA ratio increased, the pass
rate also increased. This is because the FA fills in the gaps and has a smaller micron size than the BFS. The
fact that GC samples with FA added are more void-free than SF samples depends on their higher density
[42]. When using 100% BFS, the sample's transition speed increases by 16.09% compared to the sample
using 100% SF. The compressive strength of the B100 sample is 59.5% higher than that of the S100 sample,
and its flexural strength is 3.78% higher. The UPV values are parallel to the compressive and flexural
strengths. The BSA25 sample, which uses 25% FA and 25% SF, shows a 10.85% and 6.28% decrease in
transition speed compared to concrete with 20% FA and 20% SF addition, respectively. The UPV values of
the fibrous samples were the only ones that remained below 4000 m/s, possibly due to gaps created by the
dispersion of fibers in the concrete. The figure shows that all the concrete samples have UPV values ranging
from 3702 to 5228 m/s. According to the evaluation criteria specified in the Indian standards, it has been
concluded that the concrete matrix contains very few gaps and cracks, is highly durable, and falls into the
'GOOD' and 'EXCELLENT' categories. [43].

4.3. SEM and EDS analyses

Scanning electron microscopy (SEM) and energy dispersive spectrometry (EDS) can be used as non-
destructive methods to study the microstructure of materials. For instance, SEM and EDS can clarify the
mechanism of strength development in hardened concrete samples by assessing porosity in their internal
structure. [44]. The samples were prepared for the experiment according to the specified principles [45]. To
comprehend the presence of fiber in samples with varying proportions of BF, we captured an SEM image of
BF. For impact experiments, we used samples prepared with BF ratios of 1% and 2%. SEM and EDS analyses
confirmed the presence of BF within the concrete.
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@ (b)

@) (b)
Fig. 9. EDS results of 1% (a) and 2% (b) BFGC

Fig. 7 displays the internal structure of BF. SEM and EDS analyses provide an explanation for the
presence of fibers in concrete and the elements that are present with the fibers. Upon initial examination of
the EDS spectrum of BF, it is observed that it contains the following elements: O, C, Fe, Si, Al, Na, Mg, Ca,
and K.

Fig. 8 displays the internal structures of samples with varying fiber ratios. The SEM images of GC
samples aimed to prove the existence of BF and CaCOs and C-S-H gels resulting from geopolymerization.
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The regions enclosed by green circles indicate basalt fiber. As can be seen from the SEM images, while one
fiber was observed in the 1% fiber sample in Fig. 9a, three fiber contents were detected in the sample with
2% fiber content (Fig. 9b). The images demonstrate that the fibers are evenly distributed and not clumped,
confirming the accuracy of the fiber ratios. The images demonstrate that the fibers are evenly distributed and
not clumped, confirming the accuracy of the fiber ratios. Additionally, the microscope images reveal the
presence of relatively harder structures, identified as CaCOs, and gel-shaped structures, identified as C-S-H.
[46].

In comparison, if elements observed in the content of BF are found in GC with different fiber content or
if an increase in the percentage value of the element by weight is observed, it can be said that concretes
contain BF. As shown in Fig. 9., the presence of the same element contents was preserved, and an increase
in percentage values was detected. In addition, the formation of Mn, Ti, and Cr elements has been observed.
Different element formations can explain this due to the reaction of BF with different structures in the
concrete matrix by alkaline diffusion [47]. The GC matrix has the content of mineral additives and alkaline
activators.

4.4. Drop-Weight impact test results
Fig. 10 shows the crack patterns and deformation occurring on the front and rear surfaces of 1%-2% BFGC
and PCC samples after impact. Fig. 11. shows the experimental displacement-time graphs of the samples.

Fig. 10. Deformation occurring on the front (a), (c), (€) and rear (b), (d), (f) surface of respectively 1%-2% BFGC and
PCC after impact blow
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Fig. 11. Experimental displacement-time graph of samples

Table 6. Experimental displacement values of samples

Samples Displacement (mm)
1% BFGC 2.78
2% BFGC 2.71
PCC 3.00
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Fig. 12. Numerical displacement-time graph of samples

When Table 6 was examined, the largest displacement was observed in PCC samples with an average of
3.00 mm, while a smaller displacement of about 9.67% was detected in 2% BFGC. The presence and amount
of fiber can explain this. Because as the fiber ratio increases, the flexural strength of the samples increases.
The 2% BFGC, the highest sample with a flexural strength of 7.39 MPa, gave the least displacement value
here, with an average of 2.71 mm. From here, it can be concluded that the BF has a healing effect on the
displacements caused by sudden loads. In his study on two-way reinforced concrete, A previous research
observed displacement values between approximately 2 and 3 mm on 100x100x7 cm sized plates of different
fiber ratios due to a 7 kg spherical weight dropped from a height of 2.4 m. When a comparison was made
according to these results, the displacement values found in this experimental study due to a weight of 3.035
kg from a height of 4.13 m to 500x500x50 cm plates gave approximate results. That is examined, it is
expected that the displacement will increase as the drop height increases [48]. In the same way, Another
research reported in their study that the displacement decreased with increasing plate thickness due to a drop-
weight experiment they performed on sandwich plates with a size of 80x80x15 cm [49]. As a result of the
drop-weight test performed on steel fibre-refiber-reinforce sandwich plates, they found a decrease in the
maximum deviation of the plates due to the flexural stiffness of increasing plate thickness and increasing
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load-bearing capacity [50]. Considering these studies, it can be said that BFGC gives better results than two-
way reinforced concrete elements under load, which is loaded 23.77% faster on samples prepared in sizes
smaller than the plate sizes used in Ref. 48. In parallel with this experimental study result, found that
geopolymer concrete performed better under high-speed loads compared to PCC in their studies [51].

4.5. SEM and EDS analyses

This section of the study simulates the displacement of the concrete after the initial impact using ANSYS
Workbench software. The drop-weight impact test results were compared with the Ansys workbench
software developed using the finite element method. The multiplication simulation is modeled with Explicit
Dynamics in ANSYS Workbench. This analysis was chosen because it can better analyze the material's
structure under complex dynamic loads, such as impact [52]. Fig. 12. shows the numerical displacement-
time graphs of the samples.

The analysis revealed that the displacement formed on 1% BFGC is approximately 2.50 mm, while the
experimental data recorded a value of 2.78 mm. This indicates a decrease of 10% compared to the
experimental data. The disparity observed may be attributed to the experimental conditions. To ensure one-
to-one results, the input data for analysis needs to be at an appropriate level. The displacement caused by 2%
BFGC is approximately 2.49 mm, whereas in the experimental data, this value was measured as 2.71 mm.
Based on this, it was concluded that the analysis result exhibited an 8.11% decrease compared to the
experimental data. The discrepancy may be attributed to the experimental conditions. The analysis input data
should be refined to yield one-to-one results. The change in differences by 1.96% compared to 1% BFGC
may also be dependent on experimental conditions. The experimental data showed a decrease of 2.51% and
a displacement of approximately 2.61 mm on the PCC. This value was measured as 3.00 mm in the
experimental data. It was determined that the analysis results showed a 13% decrease based on experimental
data. Fig. 13 shows the samples’ elastic strain and stress modes.

When Table 8 examined, the displacement of PCC is 8.49% higher than fibrous GC. This is because
fiber-added concretes increase strength [54]. Since impact resistance is directly related to flexural strength,
samples with higher flexural strength give higher impact resistance. According to the experimental results,
fibrous concretes showed the highest flexural strength, averaging 7.295 MPa. It has been reported in the
literature that fiber-doped concretes increase strength [54]. On the other hand, 2% BFGC showed 2.58%
better displacement resistance compared to 1%BFGC. This may be because 2% BFGC has a 1.21% higher
flexural strength than 1% BFGC. Finally, the displacement values formed from the analysis performed using
FEM, like the literature, gave a result close to the experimental values of 89.63%. Khan et al. investigated
the behavior of glass fiber concretes and reinforced concrete structures wrapped with BFs under impact.
They have made comparisons by simulating experimental data with ANSYS. As a result, the experimental
data gave overlapping results with the simulation [29,48].

From the study, it was concluded that finite element analysis is one of the best tools that can be used to
determine the behavior of concretes under impact load accurately. The deformation that occurs during the
design phase leads to experimental studies. Analysing the structural element designed with FEM saves cost
and time during the experimental stage.

Table 7. Numerical displacement values of samples

Samples Displacement (mm)
1% BFGC 2.50
2% BFGC 2.49

PCC 261
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Table 8. Deviation of experimental and numerical displacement values

Displacement (mm)

Samples Experimental Numerical Deviation (%)
1% BFGC 2.78 2.50 10.1
2% BFGC 2.71 2.495 8.0
PCC 3.00 2.61 13.0

%]1 BFGC

%2 BFGC

PCC

— =

Fig. 13. Elastic strain (a) and stress (b) of the samples

5. Conclusions

The study investigated the impact behavior of geopolymer concrete with and without basalt fiber, analyzing
the chemical and physical properties of the concrete and its response to impact. The results are presented
below.

* Byadding 10% SF to the GC, the highest compressive strength with 60 MPa and the highest flexural
strength value with 7.19 MPa compared to other mixing ratios were found.

* By adding 10% SF to the GC, the compressive strength increased to 60 MPa, and the flexural
strength value increased to 7.19 MPa, which were the highest values compared to other mixing
ratios.

»  The fibrous geopolymer concretes and PCC showed no significant difference in UPV results.

*  GCs exhibited higher compressive strength than PCC, with an increase of 13.01% in 0.5% BF
additive, 13.39% in 1% BF additive, and approximately 14% in 2% BL additive.

»  The results show that GCs have higher flexural strength than PCC, with an increase of 14.15% at
0.5% BF additive, 14.58% at 1% BF additive, and 17.10% at 2% BF additive.
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»  The sample with the highest impact resistance was 2% BFGC due to the drop-weight test, with a

displacement depth 6.06% lower than 1% BFGC and 21.21% lower than PCC.

»  The ANSYS modelling data showed a 89.63% similarity to the experimental data obtained.

Based on these results, the test technique applied in the referenced study may provide more relevant
results for making comparisons in academic studies to be conducted due to the lack of a specific test
technique for the multiplication effect. Additionally, the strength of geopolymer concrete reinforcements can
be strengthened by impact-damping materials.
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