The effect of curing conditions on the mechanical properties of SIFCON
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Abstract

In this study, the effect of curing conditions on the mechanical properties of slurry infiltrated fiber reinforced concrete (SIFCON) was investigated. For
this purpose, SIFCON samples containing 4% and 8% steel fiber with two different aspect ratios were produced. The samples were subjected to three
different curing types, namely standard, dry and accelerated curing methods. Ultrasonic wave velocity, flexural strength, fracture toughness,
compressive strength, impact resistance and capillary water absorption tests were performed on the samples. The highest flexural strength was found
to be achieved in the samples with an aspect ratio of 55 and a content of 8% steel fiber. The most suitable curing method was determined as the
standard curing method and the best flexural strength was achieved at the rate of 8%. According to the test results, the best strength properties were
achieved in the samples exposed to the standard curing method. In addition, the samples exposed to the accelerated curing method showed
satisfactory values. The accelerated curing method can be used as an alternative in SIFCON production especially in applications requiring mass
production.

Keywords: capillary water absorption, compressive strength, curing conditions, flexural strength, impact resistance, SIFCON.

Concrete is one of the most widely used construction materials due to its advantages such as high compressive strength,
durability and economic efficiency (Yoo et al., 2018). Despite its many advantages, concrete also has various
disadvantages in terms of tensile, fatigue, wear, impact, sliding, load bearing strength after cracking, deformation and
energy absorption capacity (toughness). The technical properties of concrete can be improved with the addition of
various materials to develop and strengthen these disadvantages. Brittleness is another disadvantage of concrete and
increasing ductility is considered as a solution to this problem (Tasdemir et al., 2004; Topgu and Boga, 2005).

Thus, using fiber in concrete, which increases both the flexural strength and the energy absorption capacity, is one of
the best resolutions for the brittleness issue. However, as the amount of fibers in the mixture increases, the workability
of the concrete is adversely affected, therefore the proportion of fiber that can be added to the concrete is generally 1-
3% (ipek et al., 2012; ipek et al., 2014; Hajar et al., 2004) Nevertheless, there are various special composites, such as
slurry infiltrated fiber reinforced concrete (SIFCON), that are produced with a higher steel fiber volume ratio (Wang,
1994). SIFCON, which was produced by Lankard (1984), is a composite that contains high rate fiber and a cement based
slurry with superior mechanical properties such as high compressive, tensile, shear, flexural and toughness values (Yoo
et al,, 2018; Homrich & Naaman, 1987; Naaman et al, 1992a).

SIFCON consists of fibers that are randomly distributed and interlocked, a feature that makes it is similar to fiber
reinforced concrete (FRC). However, FRC has 1% to 3% fibers, while SIFCON contains 5% to 30% fibers by volume (Hajar
et al., 2004, Elevarasi and Savarana, 2018; Beglarigale et al., 2016). The composition of the matrix is another major
difference between the two concrete types. In SIFCON production, unlike FRC, flowing consistency slurry is used. In
addition, SIFCON is produced by infiltrating cement slurry into the fibers that have been previously placed in the mold.
This difference in casting method is another feature that distinguishes SIFCON from FRC (Rao et al., 2010).

SIFCON is a new construction material that has a high energy-absorption capacity and is used in application areas such
as defense structures and safe vaults (Schneider, 1992; Naaman et al., 1991; Naaman et al., 1992b). Due to its superior
toughness feature, the potential usage areas of SIFCON are industrial floors, pavements, strengthening and retrofitting
works, structures that are exposed to impact loads (Naaman et al., 1992a), seismic resistant structures (Murakami and
Zeng, 1998; Wood, 2000; Homrich and Naaman, 1987) and explosion resistant military structures (Schneider, 1992). In
addition, it is used as slabs on elastic grounds where ductility is an issue (Beglarigale et al., 2016). The mechanical
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properties of SIFCON depend on the fiber and slurry properties such as fiber type and volume, aspect ratio, alignment,
embedment length, fiber—matrix bond properties, modulus of elasticity and the compressive strength of the slurry
(Lankard and Newel, 1984; Naaman et al., 1987; Stiel et al., 2004; Tuyan and Yazici, 2012; Ipek et al., 2014). The
maximum fiber volume depends on the fiber type and the vibration needed for proper compaction. Shorter fibers can
be denser than the longer fibers, and higher fiber volumes require proper placement and careful vibration (Lankard,
1984; Beglarigale et al, 2016).

The tensile strength and fracture toughness of SIFCON increases with the increase in the fiber content (Wecharatana &
Lin, 1992). It has been stated that with the increase of the steel fiber content and aspect ratio, the energy absorbed
until SIFCON samples break increases and the material exhibits more ductile behavior (Shan & Zhang, 2014). As the
matrix strength increases, the adherence of the fiber-matrix interface bond also increases. In addition, increasing the
embedding length results in increased toughness. (Shannag et al., 1997). SIFCON possess greater ductility and energy
absorption capacity and has a higher resistance to cracking and spalling effects than FRC specimens (Thirugnanam et
al., 2001). Therefore, it has a lot of potential for applications in structures subjected to impact and dynamic loading (Rao
et al., 2010).

In order to improve the mechanical properties of SIFCON, mineral additives such as fly ash, silica fume (SF) and slag are
used by replacing the cement in the slurry (Lin et al., 2014; Yazici et al., 2006; Yazici et al., 2010; Koksal et al., 2008;
Tuyan and Yazicl, 2012; Beglarigale et al., 2016; Elavarasi, 2018; Ipek et al., 2014; Jung et al., 2017). It is indicated in the
literature that, SIFCON slab elements exhibit excellent behavior in terms of flexure and punching shear when compared
to FRC, reinforced cement concrete and plain cement concrete slabs (Rao et al., 2005; Rao et al, 2008).

Wecharatana and Lin (1992) stated that the compressive and flexural tensile strengths of SIFCON samples containing 4-
10% hooked steel fiber increased with the increase in the fiber content of the samples. In a study conducted by
Bayramov et al. (2002) the effects of steel fibers on high performance concretes were examined and it was determined
that the energy absorbed until fractures increased and the material showed more ductile behavior with the increase of
steel fiber content and aspect ratio. Fiber adherence increases when the slurry strength and fiber aspect ratio are
increased and proper curing is applied (Tuyan & Yazici, 2012). In recent years, the number of studies on the mechanical
properties of SIFCON, such as fiber content, aspect ratio, slurry properties, and slurry strength, have increased.
Nevertheless, the studies on the performance of SIFCON exposed to different curing conditions are limited. Yet, curing
is one of the most significant factors that affects the strength and durability of concrete. Applying optimum curing
conditions to concrete during the first days is very important for increasing strength and reducing bleeding and plastic
shrinkage. Additionally, curing conditions significantly affect the fiber-matrix interface bond (Tuyan & Yazici, 2012).

The main aim of this study was to investigate the effect of three different curing methods, namely standard, dry and
accelerated curing, on the mechanical properties of SIFCON through experimental studies. Two types of steel fibers
were used in two different proportions to examine the effect of steel fiber volume and fiber aspect ratio on strength.
Additionally, in the slurry mixture, 10% of SF and 20% of slag were replaced by cement in order to increase strength and
save cement.

In this study, CEM | 42,5 R Portland cement, which was in conformity with the TS EN 197-1 standard (2012), was used.
The specific gravity of the cement used was 3.10, while its Blaine specific surface was 3495 cm?/gr. Granulated blast
furnace slag (GBFS) and SF were used as the mineral additives. The GBFS, which was in compliance with the TSEN 15167-
1 standard (2006), was obtained from the Iskenderun facilities of Adana Cement and had a specific gravity of 2.87 and
a specific surface of 5180 cm?/gr. The SF was obtained from the Antalya Plant of the Eti Elektrometaliirji Inc. and had a
specific gravity of 2.30 and a specific surface of 200000 cm?/gr. The chemical properties of the cement, SF and GBFS are
given in Table 1.

Table 1. Chemical properties of the cement, SF and GBFS. (Self-Elaboration).

Oxide (%) Si02 Al203 Fe203 Ca0 MgO cl SO3 Na20 K20 LOI
Cement 21.16 5.79 2.65 60.61 1.28 0.01 3.10 0.33 0.52 1.13
SF 91.92 0.42 0.20 2.06 3.28 0.03 0.83 0.55 2.58 1.68
GBFS 38.20 11.10 0.83 38.96 6.88 -- 0.52 - -- 2.27

Abrasion and weather resistant silica sand with a maximum grain size of 0.5 mm, water absorption capacity of 0.64 and
a specific weight of 2.64, was used as aggregate. A polycarboxylic ether based high water reducing superplasticizer
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additive, in compliance with the TS EN 934-2 standard (2013), was used in order to ensure workability with the mixtures.
Steel fibers that were compliant with TS EN 14889-1 standard (2016) and had a low carbon content, hooks on both ends
and two different aspect ratios (I/d) were used. The properties of the steel fibers are given in Table 2.

Table 2. Properties of the steel fibers. (Self-Elaboration).

Fiber type Type | Type ll
Length (mm) 30 30
Diameter(mm) 0.55 0.75
Aspect ratio (I/d) 55 40
Tensile strength (MPa) 1500 1200
Number of fibers per kg (piece) 16750 9000

Mixture proportions

High-strength slurry was used in the preparation of the samples as slurry strength significantly affects the fiber-matrix
interface bond. The water/binder ratio of the slurry was determined as 0.3. The workability of the slurry was measured
in accordance with the TS EN 1015-3 / A2 standard (2007) with a mini flow test and flow diameter was measured as 37
c¢cm. The mixture compositions are presented in Table 3.

Table 3. Mixture compositions. (Self-Elaboration).

Materials Quantities (kg)
Cement 700
GBFS 200
SF 100
Silica sand 887
Water 300
Superplasticizer 21

The fresh unit weight, compressive strength, flexural strength and ultrasonic pulse velocity (UPV) values of the samples
that were prepared from the slurry and did not contain steel fibers were 2310 kg/m?3, 79.63 MPa, 17.0 MPa and 4851
m/s, respectively. Four different SIFCON groups were prepared by using two different types of steel fibers with a volume
of 4% and 8%. In order to investigate the effects of curing conditions on the mechanical properties of SIFCON, three
different types of curing methods namely, standard water curing, dry curing and accelerated curing, were used. The
notations of the samples used in the experiments are given in Table 4.

Table 4. Notations of the samples. (Self-Elaboration).

Aspect ratio 55 40

Fiber amount 4% 8% 4% 8%
Standard curing S55-4 S55-8 S40-4 S40-8
Dry curing D55-4 D55-8 D40-4 D40-8
Accelerated curing A55-4 A55-8 A40-4 A40-8

Sample preparation and testing methods

For the preparation of the SIFCON samples, firstly the predetermined amount of steel fibers was placed homogeneously
in the sample molds. Then, the prepared slurry mixture was poured onto the steel fibers in the mold. During the slurry
casting, partial vibration was applied by tapping the mold with a plastic mallet. The samples were demolded after 24
hours and then exposed to standard water curing, dry curing and accelerated curing. Standard curing was carried out in
the curing pool at 20 £ 2 °C, dry curing was conducted in a curing cabin with a temperature of 22 £ 2 °C and 65% humidity
rate and accelerated curing was performed in accordance with the TS 3323 standard (2012) by keeping the sample in
the curing tank in water at boiling temperature for 3.5 hours + 5 minutes.

Unit weight, flexural strength, compressive strength, UPV, impact resistance and capillary water absorption tests were
carried out on the samples. The experiments were carried out at the end of 28 days of curing for the standard and dry
cured samples, and at the end of the accelerated curing process for the accelerated samples. The dry unit weights of
the samples were determined by using cubic samples of 71x71x71 mm dimensions and calculated based on the average
of three samples.
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In order to determine the UPV values of the samples two probes transmitting and receiving 55 kHz sound waves were
placed on opposite surfaces of the samples and the sound transmission time (t, us) was measured by applying the direct
transmission method. The probes were replaced and the second measurement was performed for each sample. The
average of these two measurements were taken and the sound velocity (Vs, m / sec) was calculated by using Vs = L\t.

In order to determine the flexural strength of the samples, 30x60x300 mm beam samples were used (Figure 1). The
flexural strength test was carried out in accordance with the TS EN 14651 standard (2008) to deflection from the
midpoint of the beam samples to 0.05-0.1 mm/min. Within the scope of this test method, the samples were supported
at a distance of 20 mm from the edge points, and flexural tests were carried out by simple beam method by loading
from the center of the beam from a single point. Three samples were used for each mixture and the values obtained
were averaged.

Figure 1. Beam samples with 30x60x300 mm in size. (Self-Elaboration).
l

In order to determine their compressive strength 71x71x71 mm sized cubic samples were prepared and subjected to a
uniaxial pressure test in accordance with the TS EN 12390-3 standard (2010). The experiments were carried out on a
3000 kN capacity pressure instrument with a loading speed of 0.6 MPa/sec. Three samples were used for each mixture
and the obtained compressive strength values were averaged.

The flexural strength and deflection amounts of the samples were used to determine fracture toughness. For this
purpose, the deflection amounts that corresponded to the instantaneous load values were measured with the
comparator placed in the lower middle part of the sample. The toughness values of the samples were determined by
calculating the area under the load deflection curve in accordance with ASTM C1018 (1989).

An impact resistance test was carried out on 64 x 150 mm cylindrical samples in accordance with ACI 544 (1988) using
a modified proctor test set that is used in geotechnical engineering (Figure 2). Within the scope of this test method, a
4.5 kg mass was dropped from a 45 cm height to the midpoint of the samples with a free fall movement. The load
transfers between the falling mass and the cylindrical sample were realized with the help of a steel ball 63.5 mm in
diameter. Due to the high impact resistance of the SIFCON samples, there was no cracks in the samples. For this reason,
the impact test was carried out with a constant 2500 drop motion on each sample. After the 2500 drop was applied, the
diameter of the circular indentation formed on the samples were measured and the amount of the steel ball submerged
on the surface of the sample was calculated in a similar way to the Brinell hardness test method, which is used to
measure the surface hardness of metals. The indentation amounts were calculated with Equation 1. The impact
resistance test was applied to two samples of each SIFCON mixture and the indentation amounts were averaged.

NRS

f=2-VD7"=d" (1)

f: indentation amount (mm)
D: ball diameter (mm)

d: measured circle diameter (mm)
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Figure 2. Impact resistance test. (Self-Elaboration).

A capillary water absorption test was carried out on cubic samples 71x71x71 mm in diameter in accordance with the TS
EN 772-11 standard (2012). The capillary water absorption coefficients were calculated by measuring the water
absorption amounts of the samples at 1, 4, 9, 16, 25, 36, 49 and 64 minutes. This experiment was performed on three
samples and the values obtained were averaged.

The test results of unit weight, UPV, flexural strength, toughness, compressive strength, impact resistance and capillary
water absorption tests performed on the samples are given in Table 5. Samples were coded using the variables curing
methods (standard, dry and accelerated), aspect ratios (55 and 40) and fiber amount (8% and 4%).

Table 5. The test results. (Self-Elaboration).

Sample Unit upPv Flexural  Toughness Compressive Impact Capillary water
code weight (m/s) strength (Nm) strength resistance absorption

(kg/m3) (MPa) (MPa) (mm) (cm/s)
S$55-4 2381 3918 30.00 35.74 98.23 6.30 0.0384
D55-4 2311 4012 22.64 20.19 76.10 5.51 0.1425
A55-4 2472 4093 23.23 27.65 68.46 6.11 0.0384
S55-8 2570 3923 38.28 46.01 96.25 4,33 0.0159
D55-8 2512 4093 25.59 34.30 77.20 4,92 0.1207
A55-8 2624 4080 25.35 34.60 66.38 5.44 0.0393
S40-4 2370 4134 22.75 15.91 110.55 6.46 0.0367
D40-4 2344 4482 21.33 16.77 100.00 6.57 0.0503
A40-4 2430 4152 19.69 14.54 73.43 6.45 0.0337
S40-8 2633 4267 28.60 32.28 104.46 4,98 0.0294
D40-8 2603 4235 25.86 24.83 92.04 5.27 0.0688
A40-8 2600 4147 23.68 28.60 72.20 5.69 0.0420

Unit weight

When Table 5 is examined, it can be seen that the unit weights of the samples varied between 2311 kg/m3and 2633
kg/m3. It was observed that with the increase in the fiber ratio, the unit weight values also increased. According to the
literature, the use of fibers in different ratios changes the dry unit weights of the samples (Canbay, 2014; Ipek & Aksu,
2019). The curing methods did not have a significant effect on the dry unit weight values of the samples.

Ultrasonic pulse velocity

Although the UPV value was expected to increase with the increase in fiber content, due to the high density of the steel
fiber, no such result was observed in the experimental studies. Similar results were seen in Kéroglu and Ashour’s studies
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(Koroglu & Ashour, 2019). On the contrary, although the UPV value of the slurry used in the preparation of the samples
was 4851 m/s, the UPV value of the SIFCON prepared using the same slurry decreased and varied between 3918 m/s
and 4482 m/s. This was believed to be due to the increased fiber-matrix interface gaps as a result of the high fiber
content. It was seen that fiber type and curing method did not have a significant effect on UPV value. The reason for
this was thought to be due to the compact structure of the SIFCON mixtures.

Flexural strength and fracture toughness

The flexural strength of the samples varied between 19.69 MPa and 38.28 MPa depending on the effect of the different
curing methods applied. Load-deflection graphs were drawn with the data obtained the experiments. Accordingly, the
fracture toughness values of the samples were calculated and found to range from 14.54 Nm to 46.01 Nm. The highest
flexural strength and fracture toughness values belonged to the S55-8 coded sample, which had been subjected to the
standard curing method and had an aspect ratio of 55 (38.28 MPa) and a fiber amount of 8% (46.01 Nm). The load-
deflection graph of sample S55-8 is given in Figure 3. After the flexural strength reached the highest value, deformation
started to increase and breaking occurred by separating the steel fibers from the matrix structure.

Figure 3. Load-deflection graph of sample $55-8. (Self-Elaboration).
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The effect of the amount of fiber on flexural strength and fracture toughness is presented in Figure 4. When Figure 4 is
examined, it can be seen that the samples with a fiber amount of 8% had higher flexural strength and fracture toughness
value. As stated in the literature, with the increasing amount of fiber, the tensile stresses on the sample are mostly
shared by the fiber, therefore, the flexural strength and fracture toughness of the samples increase (Sengul, 2018; Ipek
et al,, 2012; Ipek et al., 2014; Yan et al., 2002; Yazici et al., 2006; Farnam et al., 2010).

Figure 4. Effect of fiber amount on flexural strength (fs) and fracture toughness (ft). (Self-Elaboration).
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The effect of the curing methods on the flexural strength and fracture toughness of the samples are given in Figure 5.
In both fiber types used in the study, the highest flexural strength and fracture toughness values were achieved in the
samples exposed to the standard curing method. It was determined that this was due to the stronger adherence
between the fiber and the matrix, as the hydration reactions were largely realized due to the standard curing. The load
deflection graphs of the samples exposed to the standard curing, dry curing and accelerated curing methods are
presented in Figures 6, 7 and 8, respectively.
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There was no significant relationship between the flexural strength of the samples subjected to accelerated curing and
the flexural strength of the samples subjected to dry curing, however similar strength values were obtained with both
curing methods. The values obtained in 28 days with the dry curing method were reached with the accelerated curing
method in a shorter time. It is known that curing methods affect the strength values of concrete. In fibrous concretes,
the bond strength between fiber and matrix increases as the curing conditions improve. According to the literature, the
highest strengths in fibrous concretes were obtained in samples exposed to the standard curing method (Liu et al., 2018;
Tuyan & Yazicl, 2012; Yeih & Chang, 2019). In this context, the accelerated curing method should be evaluated in
prefabricated productions where high resistance values are required in a short amount of time. This is important
considering that the SIFCON manufacturing technique is more suitable for prefabricated productions.

Figure 5. The effect of curing method on flexural strength (fs) and fracture toughness (ft). (Self-Elaboration).
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Figure 6. Load-deflection relationship of the samples subjected to the standard curing method. (Self-Elaboration).
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Figure 7. Load-deflection relationship of the samples subjected to the dry curing method. (Self-Elaboration).
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Figure 8. Load-deflection relationship of the samples subjected to the accelerated curing method. (Self-Elaboration).
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Sudden failure did not occur at high loads. The increasing amount of deflection in the samples including large amounts
of fiber indicated gradual failure. The relationships between the flexural strength values found after the standard and
accelerated curing methods were applied to the samples are given in Figure 9. It was observed that there was a strong
relationship between the flexural strengths obtained in both curing methods with a correlation coefficient of 0.86.

The flexural strength of the samples that were subjected to the standard curing method were measured at the end of
28 days. The flexural strength of the samples subjected to the accelerated curing method were measured after the
samples were demolded and then cured at boiling temperature for 3.5 hours. When the flexural strength of the samples
subjected to the accelerated curing method were compared with those of the samples subjected to the standard curing
method, it was determined that the ratios obtained varied between 0.66 and 0.86. Considering the production demand
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and strength properties of special works requiring mass production, it is possible to apply the accelerated curing
method.

Figure 9. The relationship between standard and accelerated curing on flexural strength. (Self-Elaboration).
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The relationships between the flexural strength and fracture toughness of the samples are given in Figure 10. It was
observed that there was a linear relationship between the fracture toughness of the SIFCON samples and the flexural
strength with a correlation coefficient of 0.78. When the obtained load deflection curves were examined, it was
determined that flexural strength and fracture toughness were related. It was seen that the fracture toughness of the
samples including high amounts of steel fiber increased in accordance with the increase in flexural strength.

Figure 10. The relationship between fracture toughness and flexural strength. (Self-Elaboration).
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Compressive strength

When Table 5 is examined, it can be seen that the compressive strength values of the samples varied between 66.38
MPa and 110.55 MPa. The effects of the curing methods on the compressive strength of the samples with a steel fiber
aspect ratio of 55 and 40 are given in Figure 11. The curing methods had similar effects on the compressive strength for
both types of fiber. It was observed that the compressive strength values ranged from 96.25 MPa to 110.55 MPa in the
samples subjected to the standard curing method, between 66.38 MPa and 73.43 MPa in the samples subjected to the
accelerated curing method and between 76.10 MPa and 100.00 MPa in the samples subjected to the dry curing method.
The highest compressive strength was determined in the samples subjected to the standard curing method, then those
subjected to the dry curing method and the lowest values were determined in the samples subjected to the accelerated
curing method.
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Figure 11. The effects of the curing methods on compressive strength. (Self-Elaboration).
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The effects of aspect ratio on the compressive strength is presented in Figure 12. It can be seen from the figure that the
compressive strength values of the samples with an aspect ratio of 55 were lower than those with an aspect ratio of 40.
This was thought to be a result of the fact that there was a greater amount of fibers in the samples that were prepared
with fibers that had an aspect ratio of 55. The increase in the amount of steel fiber in the mixture causes more fiber-
matrix interface to occur and this leads to a decrease in the strength value.

Figure 12 Effects of aspect ratio on compressive strength. (Self-Elaboration).
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For both aspect ratios used in the mixtures, it was observed that the compressive strength values obtained when the
fiber amount was 4% were higher than the values obtained when the fiber amount was 8%. The reason for this was that
as the fiber amount increases, the interface between fiber and matrix increase, which in turn causes an increase in the
defective areas. It was thought that the amount of void in the mixture increased as the fiber content used increased.
Ipek et al. (2014) determined that there were water and closed air spaces in SIFCON and that these spaces accumulated
at the fiber and slurry interface. They stated that this adversely affected the adherence between fiber and slurry and,
thus, decreased the strength. Wecharatana and Lin (1992) reported that compressive strength was not affected despite
the increase in the fiber amount with increased flexural strength and fracture toughness (Ipek & Aksu, 2019).

The relationships between the compressive strength of the samples subjected to the standard and accelerated methods
are presented in Figure 13. It was observed that there was a linear relationship between the compressive strengths
obtained after the standard and accelerated curing methods were applied, with a correlation coefficient of 0.9286. The
compressive strength values obtained with the accelerated curing method were approximately 68% of the values
obtained with the standard curing method. Similar results were obtained in the literature (Kurbetci & Oztekin, 2004).
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Figure 13. The relationship between standard and accelerated curing on fc. (Self-Elaboration).
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No significant relationship could be established between the UPV and the compressive strength of the samples obtained
with different curing methods. It was thought that, this was due to the fact that the void structures of the samples
prepared in fluid consistency were similar to each other.

Impact resistance

The impact resistance of the samples was determined by measuring the indentation amounts that occurred at the end
of 2500 drops on 64x150 mm cylinder samples. The indentation amounts were determined by using the Brinell hardness
test method, which is applied to measure the hardness of metals. The circular indentations formed on the SIFCON
samples can be seen in Figure 14.

Figure 14. Ci i f-Elaboration).

It was observed that the rate of steel fiber significantly influenced impact resistance. It was determined in all of the
samples that the amount of indentation decreased with the increase of the steel fiber ratio. This improvement in impact
resistance was found to be between 11% and 31% and varied according to fiber type and curing method. The reason for
this was thought to be due to the homogeneous dispersion of the impact effect applied on the sample with the increase
in the amount of steel fiber. It is stated in the literature that the impact resistance of SIFCON increases with the increase
in the amount of fiber (Elavarasi & Saravana, 2018; Rao et al., 2010; Rao et al., 2008).

It was seen that curing method had a significant effect on the impact resistance of the samples with an 8% steel fiber
amount. The samples subjected to the standard curing method had the highest impact resistance, while the samples
subject to the accelerated curing method had the lowest impact resistance. This result was similar to the compressive
strength results. The impact resistance values of the samples with a 4% steel fiber amount were found to be very close
to each other, however the mentioned situation was not valid for the samples with an 8% fiber amount.

It was observed that the impact strength of the samples produced with steel fibers with an aspect ratio of 55 was higher
than those produced with steel fibers with an aspect ratio of 40. This increase in impact resistance varied between 3%
and 16%. It was thought that this was due to the fact that there was a greater number of steel fibers in the sample with
an aspect ratio of 55 and that these fibers emitted the impact effect. The fibers, which were more tightly formed in the
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sample were able to transfer the impact effect onto the other fibers. For this reason, the impact strength of the samples
increased. Among the samples, only the crack formed on the lower surface of D40-4 sample that had the lowest impact
resistance (Figure 15).

Figure 15. D40-4 sample. (Self-Elaboration).

Capillary water absorption

The capillary water absorption coefficients were between 0.0159-0.0384 cm/s in the samples subjected to the standard
curing method, 0.0503-0.1425 cm/s in the samples subjected to the dry curing method and 0.0337- 0.0420 cm/s in the
samples subjected to the accelerated curing method.

It was observed that the capillary water absorption amount of the samples subjected with the dry curing method had
the highest value. The capillary water absorption coefficients of the samples subjected to the standard and accelerated
curing methods were found to be close to each other. According to the literature, the hydration mechanisms of the
samples do not realize very well in the dry curing environment. This was explained by the disappearance of the water
in the capillary spaces in the samples cured by the dry curing method (Gulineyisi et al., 2009). It was also stated in the
literature that curing method is highly effective on the water absorption properties of concrete (Tasdemir, 2003; Sakai
et al., 2017; Liu et al., 2018). It was observed that the capillary water absorption coefficients of the samples produced
in the present study decreased with the increase of steel fiber ratio. The reason for this was thought to be the reduction
of the capillary spaces due to the decrease in the slurry volume. It was observed that fiber type did not have a significant
effect on the capillary water absorption amount of the samples.

The following conclusions can be drawn from the results of the present study:

e The highest flexural strength and fracture toughness values were observed in the SIFCON samples that were
subjected to the standard curing method and had a fiber amount of 8%. The flexural strength values of the
SIFCON samples with an aspect ratio of 55 were higher than those with an aspect ratio of 40.

e In contrast to the flexural strength values, the compressive strength values of the SIFCON samples with an
aspect ratio of 55 were lower.

e Anincrease in fiber amount caused a decrease in compressive strength values, as the interface between fiber
and matrix increased, which in turn caused an increase in the defective areas.

e The compressive strength values of the SIFCON samples subjected to the accelerated curing method reached
approximately 68% of the compressive strength values of the samples subjected to the standard curing
method. This result showed that the SIFCON composites produced with the accelerated curing method can be
an alternative in applications that require mass production.

e The impact resistance of the SIFCON samples with a 4% fiber amount was higher than those with an 8% fiber
amount.

e The curing method had an effect on the capillary water absorption coefficient of the SIFCON samples. The
maximum amount of capillary water absorption was measured in the samples subjected to the dry curing
method.
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