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1. INTRODUCTION

ABSTRACT

Magnetized water may act as a thickener in cementitious mixtures due to its slippery effect.
Therefore, it can be beneficial for the mixture to settle easily and to improve its strength. This
study investigated the effects of magnetized water passing through pipes with magnetic field
intensity (MFI) 8 and 10 on glass fiber reinforced concrete (GFRC). Three different mixtures,
the GFRC mixture produced with regular tap water, were obtained, and the properties of the
produced GFRC samples, such as 7, 14, and 28 days H-Leeb hardness, density, Ultrasonic
pulse velocity (UPV), flexural strength, compressive strength, and fracture mechanics were
investigated. In addition, SEM, EDS, FTIR, and TGA analyses were carried out to investigate
the change in surface tension in the internal structures of GFRCs produced with magnetized
water. Overall, the results were promising. Results showed a proportional H-Leep hardness in-
crease with curing time and density variations. Magnetized water reduced air voids, enhancing
sound transmission speeds. Flexural and compressive strength improved with magnetic water.
The study suggests significant contributions to energy savings and reduced production costs,
highlighting the efficient use of energy resources.

Cite this article as: Subasi, S., Ramazanoglu, D., Marasli, M., Ozdal, V., Hatipoglu, Y. & De-
hghanpour, H. (2024). Experimental investigation of mechanical and physical properties of
glass fiber reinforced concretes produced with different magnetized waters. J Sustain Const
Mater Technol, 9(3), 280-293.

composite containing a dispersion of natural or artificial
tiny fibers with high tensile strength. The fibers in its ma-

Concrete is a composite with a wide area of use as a
building material due to its high compressive strength,
hardness, and durability [1]. At the same time, concrete is
brittle and weak in tension. Low tensile and tensile strength
is the weakest aspect of plain concrete. These deficiencies
can be eliminated by retrofitting. Fiber-reinforced concrete
(FRC) is a relatively new concrete material made from hy-
draulic cement, aggregates, and reinforcing fibers. It is a
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trix increase the cracking strength of concrete [2]. There
is nothing new in this technique, as using fibers in con-
crete is very ancient [3]. At the beginning of the 20" cen-
tury, there were developments in the production of glass
fibers, mainly of the borosilicate type (E-glass). The first
production of Glass Fiber Reinforced Cement dates back
to the late 1950s when E-glass fibers were combined with
non-alkaline matrices. It was understood then that the al-
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kaline environment of hardened ordinary Portland cement
caused corrosion and loss of tensile strength of E-glass
fibers. Therefore, Glass fiber reinforced concrete (GRC)
production required unusual cement and was very limit-
ed. Unique alkaline-resistant glasses were only developed
and produced on a commercial scale in the late 1960s [3,
4]. Glass fiber reinforced concrete (GFC) is a material that
has contributed significantly to the economy, technology,
and aesthetics of the construction industry worldwide for
nearly 40 years [5].

Water that is exposed to a magnetic field is called mag-
netized water. At the end of this exposure, the physical prop-
erties of the water change [6]. The main difference between
regular water and magnetized water is the hydrogen bond-
ing. In normal water, water molecules behave in clusters
that slide over each other, resulting from hydrogen bonding.
As the hydrogen bond between these clusters and groups is
broken in the water entering the magnetic field, the num-
ber of water molecules moving collectively decreases. Thus,
the activity of the water increases [7, 8]. Magnetized water's
electromagnetic properties, thermodynamic bond angle,
dielectric constant, electrical conductivity, pH, solubility,
viscosity, surface tension, boiling point, and freezing point
differ from normal water [9]. Even if the magnetic field ef-
fect disappears, this change in the water shows its impact
for a long time [10]. Applying the magnetic field causes a
significant increase in the ultraviolet absorption of water.
The exposure time of water to the magnetic field increases
the absorption intensity of UV rays. In addition, magnetic
water, which has a lower surface tension than pure water,
turns into a more hydrophilic structure [11].

Surface tension in water is important for concrete's hy-
dration and hardening process. During hydration, cement
particles and water molecules react, forming a thin layer,
which prevents the reaction from progressing. Because of
this inhibition, the cement partially accompanies the reac-
tion. Therefore, the strength values of the cement particles
relative to the final concrete cannot be precisely obtained.
Using magnetized water instead of regular water in the
hydration process of concrete prevents the hydrate resi-
due from forming around the cement particles since the
surface tension is lower than regular water, thus allowing
more cement to mix with water. Therefore, an improve-
ment is observed in the strength values of the concrete to
be formed [11-13].

This study examines the effects on the mechanical and
physical parameters of GFRC concretes produced using
magnetized water obtained from equipment with two mag-
netic fields with magnetic field intensity (MFI) of 8 and 10.

2. MATERIALS AND METHODS

2.1. Materials

In this study, Mk37 Silver (1.222 Kg./5cm x 5 cm X
36 cm. / 8 magnetic fields. / 16 magnets) and Mk37 Gold
(1.490 Kg./ 5 cm x 5 cm x 45 cm. / 10 magnetic fields. / 20
magnets), which outer surfaces are aluminum anodized
and inner surfaces are chrome steel, with a diameter of %

Figure 1. The divergence of water molecules from each oth-
er by the effect of the magnetic field.

Table 1. Chemical components of mineral materials used in the
construction of GRC

components Cement Silica sand Calcined
(wt.%) kaolin
SiO, 17.46 98.57 59.78
AL,0, 3.27 0 1023
Fe 0, 021 0.17 0.44
CaO 63.04 0.29 9.91
MgO 1.67 0 1.59
K,0 0.34 0.16 0.9
Na,0 0.3 0 0.05
SO, 3.02 0 1.25
PO, 0.04 0.01 0.04
TiO, 0.09 0.12 0.15
Cr,0, 0.0021 0.0137 0.0186
Mn,O, 0.0042 0.0029 0.0077
LOI 11 0.39 16.24

inch and a minimum pressure strength of 2 Bar, were used
to obtain magnetized water (Fig. 1). CEM II/B-L 42,5R
Portland cement was the binder material. Silica sand with
a diameter of less than 1 mm was used as filling material,
and Calcined kaolin (2.52 g/cm’) was used as pozzolan-
ic. Fibro WR-78 was chosen as the superplasticizer. Al-
kaline-resistant glass fibers (AR-GF) with a length of 12
mm and a diameter of 14 um were used as the fiber. The
chemical components of cement, calcined kaolin, and
silica sand used in GRC production are summarized in
Table 1. Sample views of the materials used in the study
are shown in Figure 2.
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Figure 2. GRC concrete mortar components; CEM II/B-L 42.5R Portland Cement (a), Aggregate/Silica sand (b), Calcined
kaolin (c), Alkali resistant glass fibers (d), Plasticizer (e) and (f) Acrylic polymer.

Table 2. Type and proportions of materials used

No Material Type Amount
1 Cement Cimsa white 42.5 R 33.75 kg
2 Silica sand AFS NO: 30-35 37.95 kg
3 Water Tap water/MFI8/MFI10 12.00 kg
4 Polymer Betton Bettolatex 1.23 kg
5 Plasticizer Fibro WR-78 90.00 g
6 Mineral additive Calcined Kaolin 3.75 kg
7 Fiber Alkaline-resistant glass fibers 32 mm 3.27kg

2.2. Method

Spray and premix methods are generally used in GRC
production [14, 15]. In this study, the premix method was pre-
ferred. The GRC mixture of cement, aggregate, calcined kaolin,
and glass fibers was mixed in dry form for about 3 minutes.
Then, acrylic polymer, superplasticizer, and magnetized water
were added and mixed for 2 minutes. All mixes were produced
with a single design component specified in Table 2.

For compressive strength, cube samples of 50 mm?® were
prepared, and their 7, 14, and 28-day strengths were test-
ed according to the TS EN 196-1 standard [16]. Before the
compressive strength tests, the density values of the 7, 14,
and 28-day-old concrete samples were determined. In ad-
dition, Leeb hardness tests of cube samples were carried out

according to ASTM-A956 [17]. To determine the flexural
strength of the composites, the tests of 270 x 50 x 12 mm
samples at 7, 14, and 28 days were carried out according to
the TS EN 1170-4 standard [18]. Ultrasonic pulse veloci-
ty (UPV) tests were carried out according to ASTM C 597
standard [19] to determine the ultrasonic sound transmis-
sion velocity of GRC concrete samples. The morphologies of
GFRC samples were analyzed by scanning electron micros-
copy (SEM) on an FEI model Quanta FEG 250 in secondary
electron mode at 10 keV. Fourier Transform Infrared Spek-
trofotometre (FT-IR) analyses were performed to examine
the molecular bond properties of the samples. Thermogravi-
metric analysis (TGA) and differential scanning calorimetry
(DSC) measurements were performed with Shimadzu DTG
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Figure 3. Compressive strengths of GRC composites pro-
duced with different magnetic waters.

60H - DSC 60 Thermal Gravimetric Analyzer with high pu-
rity nitrogen and 50 mL/min flow rate.

3. RESULTS AND DISCUSSION

3.1. Compressive Strength of GRC Composites

The compressive strengths of GRC concrete prepared
with water magnetized in different magnetic fields are given
graphically in Figure 3 according to different curing times
and magnetized areas. As evident in the graph and other
test results, curing periods have positively influenced the
compressive strength of concrete, and the use of magne-
tized water in mortar production is observed to enhance the
compressive strength performance of specimens compared
to those produced with normal water. The performances at
early curing periods, considered as 2 and 7 days, in GRC
specimens produced with water exposed to 8 magnetic
fields have shown increases of 12.4% and 14.9%, respective-
ly. The ratio of compressive strength performance at 28 days
is 2.48%, indicating a relatively lower increase compared to
the early ages. In GRC specimens produced with water pass-
ing through 10 independent magnetic fields, the compres-
sive strength performances for early periods were 14.7% and
18.0%, and a subsequent increase of 8.05% was observed in
the long-term aging at 28 days. An increase in NMF enhanc-
es the mechanical strengths of GRC concrete material.

Magnetized water is a type of water that has been treat-
ed under the influence of a magnetic field, which organizes
the water molecules and changes the physical properties of
the water [20]. This water can affect reactions and material
properties in the concrete mixture. Various studies [21-24]
show that magnetized water can positively affect concrete
strength. Magnetized water is thought to help arrange the
water molecules in the concrete mixture and hydrate the
cement particles more effectively. This can increase the ear-
ly strength of concrete and improve its overall mechanical
properties. However, these effects can vary depending on
many factors, so obtaining specific results for each concrete
mix and type of magnetized water is essential. The impact
of magnetized water on the strength of concrete will de-
pend on a number of factors, including various parameters
such as mixing proportions, type of cement used, strength,
and duration of the magnetic field [25].

In an experimental study, Ghorbani et al. [21] inves-
tigated that using magnetized water can positively affect
concrete mixtures, especially its effects on foam stability,
compressive strength, tensile strength, water absorption,
and microstructure of foam concrete. Tests conducted on
9 different mixtures prepared with water passed through a
constant magnetic field at various flow rates and in differ-
ent numbers showed that using magnetized water increases
foam stability and improves foam concrete's compressive
and tensile strength. However, a slight decrease in the water
absorption of the hardened foam concrete was observed.
The high compressive strength of samples with magnetized
water can be attributed to the high specific field compared
to normal water. The activity of magnetized water increases,
and the interaction with cement particles increases, which
can increase the compressive strength and split tensile
strength. Su et al. [22] have investigated the compressive
strength and workability of mortar and concrete mixed
with magnetic water. The study reveals a 9-19% increase
in compressive strength for mortar samples using 0.8-1.35
T magnetic water and a 10-23% increase for concrete sam-
ples. Additionally, magnetic water has improved the mortar
and concrete's flowability, slump, and hydration degree.

Keshta et al. [23] examined the impact of magnetized
water on the compressive strength of concrete. The results
indicate that the use of magnetized water increased the pH
value. The magnetic field was determined to raise pH by
12.6%, possibly due to a decrease in hydrogen ion concen-
tration. Additionally, the polarization of water molecules
and a reduction in hydrogen ions enhance the organization
of water molecules, improving the hydration process. This
results in greater cohesive forces applied to cement-based
material particles, enhancing concrete properties. The post-
use increase in pH due to magnetized water reduces corro-
sion rates and increases compressive strength. Acidic water
negatively affects concrete's compressive strength. From a
workability perspective, a higher pH positively influences
concrete workability; using magnetized water can reduce
slump values by causing minimal excess cement and fine
particles. Therefore, increasing the pH value of the water
used can improve concrete properties.

3.2. Flexural Strength of GRC Composites

The flexural strengths of GRC concrete samples pro-
duced with magnetic water appear to be higher than the
reference sample (Fig. 4). The direct relationship between
the number of magnetic fields and the magnetic effect of
water on homogeneous hydration in the flexural strength
tests has been observed. In the early-age flexural strengths,
the GRC concrete sample produced with water exposed
to 8 magnetic fields exhibited a flexural strength trend of
18.3% compared to the reference sample in 7-day speci-
mens. However, despite an increase in the 14-day strengths,
it demonstrated an 11.4% lower performance than the ref-
erence sample. Similar to other tests, magnetic water tends
to enhance the strength properties of the sample at early
ages. Although the strength property of the same sample
increased compared to the reference after 28 days, there
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Figure 4. Flexural strengths of GRC composites produced
with different magnetic waters.

was a 3.64% increase in the reference sample. In GRC sam-
ples produced with water exposed to 10 magnetic fields, an
increase in sound conductivity was observed, with higher
percentages of 53.1%, 43.1%, and 14.9% in 7, 14, and 28-day
curing times, respectively, demonstrating a tendency for
a decrease in increase proportional to the curing periods
compared to the reference sample.

Using magnetized water can cause cement particles to
interact more strongly with water molecules. This may con-
tribute to the cement matrix creating a stronger structure
and increasing its bending strength. Also, the positive ef-
fects of magnetized water on the flexural strength of cement
can be attributed to the C-S-H development in the cement
paste. There is no definitive information about how mag-
netized water affects the C-S-H (calcium silicate hydrate)
gel of cement because there are very few scientific studies
on this subject. However, some research suggests that mag-
netized water organizes water molecules, changing the mo-
lecular structure of water, and these changes may impact
cement hydration [26-28]. Cement hydration involves the
formation of C-S-H gel due to the reaction of cement par-
ticles with water [29]. It is thought that using magnetized
water may contribute to water molecules binding more ef-
fectively to cement particles and creating a more ordered
structure in the process [30]. This may lead to the forming
of a more solid and ordered structure of the C-S-H gel.

In addition to the effect of magnetized water, which is
the primary purpose of this study, the most crucial factor
affecting flexural strength is the glass fiber used in the mix-
tures. Glass fibers improve the flexural strength of cemen-
titious composites by increasing their tensile strength. This
ensures that the structural elements have a greater load-car-
rying capacity [31]. Glass fibers can limit the formation of
cracks in concrete. This prevents cracks from propagating
and ensures more consistent performance of the material
[32]. Glass fibers can help make concrete more resistant to
environmental influences (for example, freeze-thaw cycles),
thus ensuring the longevity of the material [33]. Glass fibers
can provide better shaping of the concrete mixture. This
will be advantageous in accommodating bending and ten-
sile loads, especially for architectural elements with com-
plex or fine details [34]. In glass fiber reinforced concretes,
the interaction of glass fiber with C-S-H gel during the hy-
dration process with cement plays an important role [35].
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Figure 5. Fracture mechanics curves of GRC beams pro-
duced with different magnetic waters.

Glass fibers can form a network surrounding the C-S-H
gel, which can reduce crack formation [36]. Additionally,
the surface properties of glass fibers enable hydration prod-
ucts to bind and form a strong bond. This interaction can
increase the durability and mechanical properties of glass
fiber-reinforced concrete, significantly improving tensile
strength and crack resistance [37].

3.3. Fracture Mechanics of GRC Composites

Within the scope of fracture mechanics, the amount of
energy absorbed by cementitious materials against fracture
is examined through the three-point bending test. This test
method creates a notch (crack) at one-third of the beam
cross-sectional height in the middle of pre-cast cementi-
tious beam specimens. Notched specimens are subjected to
loading until a fracture occurs [38]. This test can usually be
controlled by increased crack mouth opening displacement
(CMOD). The load-CMOD curves of GRC concrete sam-
ples obtained using water exposed to two different numbers
of magnetic fields are given in Figure 5. Considering the
load values in the graph, and it is observed that the maxi-
mum fracture load increases with the increase in the num-
ber of ME The maximum fracture load of GRC produced
with water passed through NMF 8 increased by 39% com-
pared to the reference, while the maximum fracture load
of GRC produced with water passed through NMF 10 in-
creased by 75% compared to the reference.

On the other hand, the magnetic field also positively
affected the samples' flexibility. Crack opening correspond-
ing to maximum load values was measured as 0.4, 0.62,
and 0.66 mm for samples with NMF numbers of 0, 8, and
10, respectively. Also, the increase in total CMOD values
proves magnetized water's positive effect on the samples'
elastic properties. The positive effect of magnetized water
on fracture mechanics can be attributed to the C-S-H devel-
opment and the compressive and bending strength results.
In addition, since the most important factor affecting the
fracture mechanics of fibrous concrete is the shape of the
fibers, it can be said that magnetized water also causes the
homogeneous distribution of the fibers.

Aligning steel fibers is an effective way to improve the
mechanical properties of steel fiber cement composites
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Figure 6. UPV results of GRC composites produced using
water with different magnetic properties.

(SFRC). Some studies have investigated creating a mag-
netized field to align the fibers in steel fiber-reinforced
concrete. However, no specific research has been found
regarding creating a magnetized field in synthetic fiber-re-
inforced cementitious materials or the mechanical behavior
of cementitious products produced with magnetized water.
Khan et al. [39] investigated the preparation and fracture
behavior of aligned hooked-end steel fiber cement-based
composites (ASFRC) using the magnetic field method. The
mixture's rheology and the magnetic induction of the elec-
tromagnetic field for aligning steel fibers were theoretically
analyzed. The results demonstrated that the cracking load
and ultimate load of ASFRC increased by approximately
24-55% and 51-86%, respectively, compared to SFRC. The
tensile strength and residual flexural strength of ASFRC in-
creased by 105% and 100%, respectively. ASFRC exhibited
56-70% higher fracture energy than SFRC, indicating that
the reinforcing effect of hooked-end steel fibers was superi-
or to straight steel fibers.

3.4. UPV Test Results of GRCs

The most common method for assessing the strength
quality of concrete is the compressive strength test. Alter-
natively, the ultrasonic pulse velocity (UPV) test can be
applied as a non-destructive method to obtain informa-
tion about the durability of concrete [40]. Figure 6 pres-
ents the UPV test results for GRC concretes produced
with magnetized water. The GRC matrix provides sound
insulation within the structure, consequently reducing the
transmission speed of sound waves. The increased sound
speed indicates the composite has a homogeneous and sol-
id structure. An increase in the speed of sound indicates
that the composite is in a homogeneous and robust state.
The voids within the structure change inversely with densi-
ty. For GRC composites produced with water exposed to 8
magnetic fields, the sound wave transmission ratios on the
early ages of the 2™ and 7" days have increased by 8.06%
and 5.52%, respectively, compared to the reference sample.
In the GRC composites produced with water exposed to 10
magnetic fields, the speed of sound has increased by 9.55%
and 10.7%, respectively. It can be inferred that water with a
higher MFI number has facilitated the formation of a more

Figure 7. Effect of water exposed to different magnetic
fields on H-Leep hardness values of GRC composites.

m2day m7day m2sday

density (g/cm3)

0 8 10
Magnetic field intensity (MFI)

Figure 8. Density values of GRC composites produced us-
ing water with different magnetic properties.

homogeneous structure with lower surface tension in the
cement-based composite, resulting in a structure with more
voids. Therefore, sound transmission has been accelerated
in the early stages due to the rapid transmission of magnetic
water. In the later stage of aging, on the 28" day, the sound
transmission speed of the concrete produced with magnet-
ic water exposed to 8 magnetic fields was observed to be
0.26% less than the reference sample. However, the sound
transmission speed of the GRC sample produced with wa-
ter magnetized by 10 magnetic fields continued to increase
by 2.88% compared to the reference sample. The increase in
MFI has ensured a more homogeneous hydration reaction
between cement and water in the GRC matrix, maintaining
the magnetic effect of water for a more extended period and
resulting in a structure with fewer voids.

When UPV values are compared with density values in
terms of the use of magnetized water and regular water, it
is evident that there is a parallel relationship between them.
However, both UPV and density values did not yield sig-
nificantly different results using magnetized water. In their
experimental study, Yousry et al. [41] investigated the me-
chanical properties and UPV values of cement-based mor-
tar using magnetic water. According to the results obtained,
while there were profound differences between the strength
values, the UPV results did not show a trend that could be
followed or trusted. UPV values are generally inversely pro-
portional to the void ratio within the material. Gaps make it
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Figure 9. FTIR spectra of GRC composites produced with different magnetic waters.

difficult for sound waves to propagate, resulting in low UPV
values, and a cement mat hasvoid ratio will generally have
higher UPV values [42]. UPV values are directly propor-
tional to the density of the material. A dense material allows
sound waves to be transmitted more quickly and effectively,
leading to high UPV values [43].

3.5. H-Leep Hardness Tests of GRC Compo

Hardness tests are a type ofprovidetructive testing that
provides information about the surface hardness of ce-
ment-based structural composite materials [44]. Figure 7
shows the effects of magnetic field and curing times on Leep
hardness values. The increase in curing periods has result-
ed in a proportional increase in hardness values for refer-
ence and other magnetized specimens. The rise in MFI has
facilitated faster initial increases in Leeb values compared
to the reference, with lower contribution rates throughout
the curing period. The increase in the specimen left for 2
days under exposure to 8 magnetic fields is observed to
be 9.88%, while for the specimen exposed to 10 magnetic
fields, this ratio is 13.6%. After a curing period of 7 days, a
decrease in percentage increases in Leeb values is evident,

with rates of 1.66% and 1.38% for samples exposed to 8 and
10 magnetic fields, respectively. For specimens with a cur-
ing period of 28 days, the increases in Leeb hardness values
are 0.24% and 1.24%, respectively. According to these val-
ues, it is observed that the magnetic water accelerates early
curing periods in H-Leeb values; however, as the curing pe-
riod increases, this effect diminishes.

The Schmidt hammer is the most commonly used test-
ing tool to estimate the compressive strength of concrete
non-destructively. However, few studies are in the literature
on applying the Leeb hardness test to estimate concrete
strength. The Leeb rebound hammer is a dynamic hardness
test method and instrument developed initially for testing
metallic materials. On the other hand, the Schmidt rebound
hammer showed different correlations with compressive
strength for concretes with different w/c ratios. The authors
also discussed factors influencing the hardness value, such
as surface moisture conditions and concrete carbonation.
They observed that the Leeb rebound numbers were high-
er for older concretes and weaker concrete compositions at
higher w/c ratios due to faster carbonation rates in more
porous systems.
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Dehghanpour et al. [38] examined the hardness prop-
erties of Ultra High Strength Concrete (UHPC) structural
elements produced for facade elements. The results of the
Leeb and Schmidt hammer hardness of PVA, GF, and SF-re-
inforced UHPC samples were compared and evaluated. A
linear relationship was observed between Leeb and Rebound
number values for all mixtures, and it was stated that these
two hardness test methods were used to verify the values
obtained from each other. While Leeb hardness values de-
creased in samples with PVA added, a decrease was observed
in samples with GF added; There was an increase and decrease
in samples with SF added. Similar changes were detected in
Schmidt hardness values. The results showed that SF-rein-
forced samples had the highest hardness values. Compared
with the literature, it was concluded that the hardness values
obtained were suitable for high-strength concretes.

3.6. Density Values of GRC Composites

Before compressive strength evaluations, density mea-
surements of GRC samples were made. The values are sum-
marized in Figure 8. By the Archimedes principle, and these
measurements explored the variations in the density values
of GRC samples subjected to curing periods of 2, 7, and 28
days, as well as exposure to two different magnetic drinks
of water, one at 8 and the other at 10 magnetic fields. Den-
sity differences were observed within the specified curing
periods for reference samples, ranging between 1.94 and

1.97 g/cm’®. Samples produced with water obtained from 8
magnetic fields exhibited density values between 2.04-2.06
g/cm’, while those made with water passing through 10
magnetic fields showed a distribution between 2.01-2.07
g/cm’. In cement-based materials, density values are cor-
related with the water-to-binder ratio, where the binder
component is typically cement [45]. In this study, as the
water-to-cement ratio was kept constant, the variations in
density values were found to be dependent on both the age
of the concrete and the magnetic field.

The variation in density values of GRC concrete samples
is generally directly associated with the curing period. The
interaction of water in the mortar with cement hydration
and water's subsequent evaporation from porous structures
significantly influences density [46]. The magnetized water
ratio resulted in a decrease in density increase compared to
the reference sample, with a reduction of 5.07% on the 2
day, 4.87% on the 7" day, and 4.83% on the 28" day. In other
words, the magnetized water may have acted as a catalyst,
accelerating the early curing period but losing its magnetic
effect relatively quickly.

3.7. FTIR Analysis Results

FT-IR (Fourier Transform Infrared) analysis in cemen-
titious composites is a technique used to understand the
material's chemical composition and molecular structure
[47]. Since polymer binders are frequently used, especial-
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Figure 11. SEM image and EDS spectrum of GRC composite produced with water magnetized in eight magnetic fields.

ly in cementitious composites, this analysis can effective-
ly determine the polymer's type and molecular structure.
Because cementitious composites react with water during
the hardening process, FT-IR analysis provides information
on water content and hydration products [48]. This can af-
fect the durability and structural properties of the mate-
rial. FT-IR spectrum can identify various chemical bonds
and functional groups. This gives information about the
polymer material and additives or other ingredients with-
in the composite material [49]. Cementitious composites
often contain mineral additives. FT-IR analysis can help
determine the presence and amount of mineral inclusions
(e.g., quartz, calcite). FT-IR analysis can monitor chemical
changes when cementitious composites are subjected to ag-
ing, environmental influences, or chemical attack [50].

FTIR spectra of GRC samples produced with magne-
tized water are given in Figure 9. The absorption bands ob-
served at 3341.60 cm™ and 3414.00 cm™ in the spectrum
with a magnetic field strength of 8 (Ag) are attributed to the
vibrations of hydroxyl (-O-H) bonds in water molecules.
These bands are also present at 3396.64 cm™ in the refer-
ence spectrum. No hydroxyl band is observed in the spec-
trum with a magnetic field strength of 10 (Au). Previous
studies [51, 52] have suggested that this band is associated
with water molecules absorbed in voids formed on the sur-
face or during copolymerization.

The bands around 1400 cm™ are attributed to carbonate
groups (O-C-O) formed due to the atmosphere's reaction
between alkali metal hydroxides and carbon dioxide [47,

49]. The irregular strains associated with the (Si-O-X) bond
encompass all vibrations around 1050 cm™. X represents
silicon (Si) and aluminum (Al) atoms in a tetrahedral
structure. The (Si-O-X) bond supports the geopolymer-
ization process with the phases of the formed amorphous
aluminosilicates. Studies indicate that the sharp absorption
band is related to the number of tetrahedrally coordinated
aluminum in the geopolymer gel [53, 54]. Peaks between
750 cm™ and 800 cm™ are attributed to vibrations from
AlO4, while strong tension and vibration peaks between
950 cm™ and 1050 cm™* belong to Si-O-T (T= Al Si). AlO4
represents a chemical group in which aluminum forms a
tetrahedral structure with four oxygen atoms [55]. This may
be due to amorphous aluminosilicate phases present in the
cementitious composite, and these peaks provide informa-
tion about the aluminum content of the material. Si-O-T
represents tetrahedral structures formed by silicon bonding
with oxygen and other elements [56]. These peaks offer in-
formation about the bonding pattern of silicon and alumi-
num in the cementitious composite.

3.8. Characterization of SEM and EDS Analysis

The Figure 10, Figure 11, and Figure 12, respectively, de-
scribe the physicochemical changes in the structure of the
reference GRC sample and GRC concrete produced with wa-
ter exposed to eight and ten magnetic fields, illustrating al-
terations during the hydration process. It has been observed
that water exposure to a magnetic field leads to an increase
in conductivity and a decrease in surface tension. This indi-



J Sustain Const Mater Technol, Vol. 9, Issue. 3, pp. 280-293, September 2024

289

1.62K]|

144K

1.26K

1.08K

0.90K

0.72K

0.54K

0.36K

0.18K

I 232
I 185
. 145

I 15,6
. 27,7

257
C HEN 218

0,0 50,0 100.0 150,0

Au Net %

200,0

0.00K
0.

Figure 12. SEM image and EDS spectrum of GRC composite produced with water magnetized in ten magnetic fields.

cates the influence of the magnetic field on the structure of
water molecules. Following exposure to the magnetic field,
water molecules exhibit changes in their bonding angles, de-
creasing from 104.5° to 103° and forming single or more mi-
nor groups rather than clusters. The reduced surface tension
allows for more homogeneous water hydration with cement,
reducing the required water-to-cement ratio for setting. The
quality and type of raw materials used determine the physi-
cochemical and mechanical properties of the concrete.

Additionally, the quality and quantity of water play
a significant role in determining the strength of the con-
crete. In the literature, although detailed explanations of
how magnetic fields affect the structure of water are not
explicitly mentioned, it is observed that magnetized water
disperses cement particles more effectively compared to
regular water. Regarding the hydration of cement, the net
percentages of Ca, Al, and O elements, allowing for inter-
pretations, have been measured as 251%, 31.9%, and 226%,
respectively (Fig. 10).

According to the results of Energy Dispersive Spectrosco-
py (EDS) in Figure 11, the chemical element contents of the
examined samples have been considered. In comparison to
the reference sample, the GRC sample exposed to a magnetic
field shows the presence of 218% calcium (Ca), 0.09% alumi-
num (Al), and 142% carbon (C) elements. This indicates a
decrease in these elements compared to the reference sample.
Similarly, in the EDS spectrum of the GRC sample produced

with water passed through 10 identical magnetic fields (Fig.
12), 242% calcium (Ca), 45.6% aluminum (Al), and 257% ox-
ygen (O) elements were detected. In other words, the increase
in the number of magnetic fields has led to an overall increase
in the percentage of aluminum, carbon, and oxygen elements.
These results demonstrate that the magnetic field influenc-
es the chemical composition of GRC samples produced with
water, causing significant changes in element contents.

The microstructure of cement mortar produced with
water exposed to a magnetic field can be examined using
various analytical techniques. Electron microscopes, X-ray
scanning microscopes, and other relevant methods can be
employed to assess the microstructural properties of the
mortar. Water exposed to a magnetic field can influence the
crystal structures of the cement mortar [57]. This can lead
to changes in the crystal sizes, shapes, and distributions of
cement mineral phases. The impact of the magnetic field on
the water's structure can affect the porosity of the cement
mortar. Achieving a more regular microstructure or reduc-
ing porosity can enhance the material's durability. Water
exposed to a magnetic field can also influence the hydra-
tion process of the cement mortar, leading to the formation
of different hydration products [26]. This can impact the
mechanical properties of the material. This type of water
can affect the homogeneous distribution of minerals in the
cement mortar. This condition can determine whether the
material has homogeneous mechanical properties.
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Figure 13. TGA spectrum curves of GRC composites produced with different magnetic waters.
3.9. TGA Analysis %=Wne(t).Wne(teo)*100 (1)

Figure 13 shows the TGA analysis spectra of GRC sam-
ples prepared using water exposed to different numbers of
magnetic fields. The amount of C-S-H increases with hy-
dration and reaches its maximum level during heating. It
is possible to predict the amount of C-S-H by measuring
the water loss from C-S-H through TGA analysis. This
is because the dehydration and decomposition of C-S-H
and Aft (trisulfoaluminate-4Ca0.3A1,0,.3,H,0) phases
occur between 25 °C and 200 °C. However, the exact de-
composition temperature of C-H-S, i.e., the range of de-
parture of physically and chemically bound water content,
is unknown. For instance, Taylor and colleagues have de-
termined this range as 115-125 °C, while Odelson and his
group have predicted a 200-400 °C range for water loss in
C-S-H [58]. The water mass loss observed at 26.98-90.29 °C
in the reference sample is 0.573 mg, accounting for 4.908%.
For sample b with a magnetic field number (NMF) of 8,
the mass loss is measured as 0.598 mg at 83.98 °C-269.0
°C, corresponding to 5.701%. In sample ¢ with NMF = 10,
the amount of lost water mass is determined as 0.482 mg
at 30.01 °C-86.44 °C, accounting for 4.364%. The sample
obtained with magnetic water and an NMF of 8 shows that
the hydration amount is higher compared to the reference.
This is because the lost water amount is directly propor-
tional to the amount of C-S-H. Compared to the reference
sample, a higher cement hydration of 4.36% is observed.
The increase in the number of magnetic fields is evident in
the TGA graph of sample ¢, showing a more precise water
mass loss. The lost water amount measured as 0.482 mg in
sample C, produced with water passed through 10 magnet-
ic fields, is 15.9% higher than the reference sample.

It occurs between 105-130 °C. Some researchers say
this limit can be close to 100 °C or 145 °C [59]. A similar ex-
planation has been expressed for analyzing reactive powder
concrete [60]. The amount of bound water in reactive pow-
der concrete can be related to cement hydration through
the classical Powers equation (1).

Here, Wne(t) represents the amount of bound water at
time t, and Wne(teo) is the required amount of water for
complete cement hydration according to the calculation
by Czernin [61]. In this study, Wne(teo) is determined to
be 0.25. Thermogravimetry can also be used to predict the
pozzolanic reaction of silica fume. The content of calcium
hydroxide (Ca(OH),) can be calculated from the peaks ob-
served in the DTG curve between 400 °C and 500 °C. The
peak between 500 °C and 750 °C represents the decarbon-
ization of CaCO,. The decarbonization of calcium carbon-
ate was found to be 1.035 mg with 8.865% in sample (a),
0.342 mg with 3.261% in sample (b), and 1.094 mg with
9.906% in sample (c). An increase in the amount of calcium
carbonate is observed proportionally with magnetized wa-
ter. Between 105 °C and 1000 °C, the dehydration and de-
composition of C-S-H gel, C-H, and other hydrated prod-
ucts occur as water loss [62-64].

4. CONCLUSION

This study examined the changes in the physical and
mechanical properties of GRC (Glass Fiber Reinforced
Concrete) specimens produced with magnetic water ob-
tained by exposing them to 8 and 10 different numbers of
magnetic fields. According to the data, the H-Leep hard-
ness value increased proportionally with the curing time.
The increase in the number of magnetic fields resulted in
a 9.88% and 13.6% increase in H-Leep values during 2-day
intervals, 1.66% and 1.38% during 7-day curing, and 0.24%
and 1.24% during 28-day curing.

While the density values of GRC specimens increased with
curing periods, a decrease in density values over time was ob-
served in specimens prepared using magnetic water. It was
determined that magnetic waters reduced the air voids in the
composite structure, leading to an increase in sound transmis-
sion speeds. In samples produced with magnetic water, an in-
crease of 8.06% and 5.52% on the 2™ and 7™ days, respectively,
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was observed with 8 magnetic fields, and with 10 magnetic
fields, these increase rates reached 9.55% and 10.7%.

In bending strength tests, a proportional increase with
the curing period was observed in all GRC samples. Mag-
netic water increased the bending strengths of GRC samples
by 18.3%, 11.4%, and 3.64% during the 7, 14, and 28 days of
curing, respectively. The impact of magnetic water on com-
pressive strength resulted in a 12.4% and 14.9% increase in
the early stages and a 2.48% increase at the end of the 28 days.

In fracture mechanics analysis, a sample magnetized
with 8 magnetic fields reduced the fracture strength of the
GRC concrete beam by 37.1%, while increasing the number
of magnetic fields by 20% resulted in a 26.5% improvement
in fracture strength. In FTIR analysis, a 20% increase in mag-
netic fields did not show hydroxyl (-OH) and carboxyl peaks
(R-COOH). SEM-EDS analysis revealed that the increase
in the number of magnetic fields caused an increase in the
percentages of Ca, Al, and O elements. TGA analysis indi-
cated that a 20% increase in the magnetic field increased the
amount of lost water, thereby enhancing cement hydration.

In conclusion, positive results were achieved in the
physical and mechanical properties of GRC specimens
produced with magnetized water. The primary reasons for
this positive effect are the reduction of surface tension in
magnetized water and its contribution to better hydrolysis
with cement, resulting in a more homogeneous composite
structure. In future studies, the effects of magnetized water
on different cement composites can be investigated in more
detail. This study can contribute significantly to energy sav-
ings and reduced production costs, especially considering
global issues related to the efficient use of energy resources.
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