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Abstract

In this research, the effects of size and shape on compressive and splitting tensile strength of fibrous and non-fibrous concrete specimens with
different characteristic strength were investigated. With this aim, both fibrous and non-fibrous 10 different concrete mixtures with 0.3, 0.4, 0.5, 0.6
and 0. 7 Water/Cement ratio were prepared. In the fibrous mixture specimens, the total amount of steel fibers to 1% by total volume. In the entire
specimens, 42.5 R type Portland cement were used as bonding elements while crushed lime stones in 3 sizes were added to the mixtures. Furthermore,
to evaluate the influence of size and shapes over specimens’ strength, for each concrete mixtures two 10 cm and 15 cm cubic specimen beside two
10x20 cm and 15x30 cm cylindrical specimens were prepared as well. The prepared specimens were subjected to compressive and splitting tensile
tests. The results showed that, regardless of the fiber amount and specimens’ shapes, the decrease in specimens’ size resulted in higher strength. But
in the high ratio of Water/Cement and fibrous mixtures, the mentioned behavior was not observed.

Keywords: shape effect, size effect, steel-reinforced concrete, splitting tensile strength, compressive strength.

The fact that the concrete holds heterogenic texture results in different stress values in the case of loading as a result
of hydration and hardening of its components. Due to the external and internal effects, significant stresses occur
especially on the aggregate-cement paste interface (transition zone), known as the weakest part of the concrete
(Mardani-Aghabaglou et al., 2019). These stresses result in cracks on the aggregate-cement paste surface. Along with
the effects of external stresses, these cracks grow and affect the mechanical properties and stress-strain behavior of
the concrete negatively. One of the most preferred methods to improve these properties in concrete is the addition of
steel fiber in concrete mixtures (Alex & Arunachalam, 2019; Ouedraogo et al., 2021). These randomly distributed fibers
increase the occupancy and limit the cracks at different stages of the concrete, preventing their growth and distribution
of the internal stresses. These favorable effect of the fibers alter the fracture behavior of the concrete after maximum
load positively. The effectiveness of the steel fibers used in concrete might change in accordance with fiber geometric
structure, fiber type, aspect ratio, tensile strength, and volume (Kéroglu & Ashour, 2019; Zeynal, 2008).

As it is known, compressive and tensile strengths are two important parameters for defining the mechanical properties
of the concrete. The checking of compressive strength of concrete is commonly essential during the structural design.
Besides, controlling of the tensile strength is important in particular structures such as earthquake resistant structures,
airstrip, and pavement. The compressive strengths of the standard cylinder and cube specimens (15 x 30 cm, 15 cm)
can be considered as common feature used in concrete quality control. As a known fact that the compressive strength
of concrete varies according to the shape and size of the concrete specimens. The shape and size of the specimens used
to determine the strength of concrete are not the same in every country; however, the most preferred are cube and
cylinder specimens. That is, cube specimens (15 cm) are used in Germany, UK and many other European countries while
cylinder specimens (15 x 30 cm) are used in the USA, Canada, South Korea, Australia and France. Also, both cylinder and
cube specimens are used in many countries (e.g. Norway). Cylinder and cube strengths obtained from the same concrete
mixer may differ due to specimens' shape and size (Yi et al., 2006).
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It is commonly known that the cube specimens show higher compressive strength than the cylindrical specimens
because of their end effects (Aslani, 2013; Felekoglu & Tirkel, 2005). However, some researchers reported that the
strength difference is less in high-strength concretes (Yi et al., 2006). Many studies in this field have been conducted
since the early 1900s (Aitcin et al., 1994; Neville A.M, 1996; Tokyay & Ozdemir, 1997; Che et al., 2011; Dehestani et al.,
2014; Li et al., 2018; Khalilpour & Dehestani, 2021; Zhang et al., 2021). Many researchers have tried to develop a
suggestion to convert non-standard concrete specimens to standard specimens. The relation between the strength of
cylinder and cube specimens were investigated in many studies (Gyurké & Nemes, 2020; Li et al., 2018). It isa common
use that the strength of the cylinder specimen to be multiplied by a coefficient of 1.2 in order to be converted into the
cube specimen strength. However, this coefficient decreases with increasing concrete strength. According to fib MC
2010 (CEB-FIP MC10, 2010) increasing the compressive strength of concrete causes the cube-cylinder strength ratio to
decrease gradually from 1.25 to 1.15. While 1.25 ratio has 40 MPa cylinder compressive strength and 1.15 ratio
corresponds to 100 MPa.

Del Viso et al., (2008) investigated the effects of the size and shape of the cylindrical and cube specimens at different
sizes on the compressive strength of high strength concrete. As a result, it has seen that the small specimens showed
high compressive strengths. The size effect was reported to be less in cylinder specimens than in cube specimens.
(Dehestani et al., (2014) in their study on self-consolidating concrete (SCC), investigated the effects of specimen size
and shape on the compressive strength. Cylinder and cube specimens were used in the study. Regardless of the aspect
ratio, it was found that the concrete strength decreased as the specimen size increased and the decrease was more
obvious in the specimens with low aspect ratio. Strength ratio decrease for the cylindrical specimens were observed
with the decrease of the aspect ratio. According to these results, the specimen size was found to be more distinct in
specimens with low aspect ratio. It was stated that the decrease in strength ratio at stable aspect ratio is mostly
dependent on the mixing ratios, especially the W/C ratio of the mixture.

It was also described that the specimen size is even more distinct in low strength concretes. It was found that the
specimen size effect at high aspect ratios (h / d) became independent from water cement ratio. Moreover, the cube
specimens showed higher strength than cylindrical specimens when the slenderness ratios are the same. (Gyurké &
Nemes, (2020) examined the effect of sample size and shape on the compressive strength of normal strength concrete.
The results showed that the size effect was stronger in low-strength concretes due to the mixtures' inhomogeneity. It
was also explained that the size effect was more pronounced in cubic samples than in cylindrical samples.

Novelty, scope, and significance

As a result of the conducted researches, it can be stated that the effect of specimen’s shape and size on concrete
strength has been investigated. These studies revealed different correlation coefficients on specimens' shape and size.
However, it has been determined that there is a lack of studies to investigate the effect of sample shape and size in fiber
concretes with different W/C ratios and to establish correlation coefficients between these samples. This study
investigates the effect of sample shape and size on the strength of steel fibrous concretes with different W/C ratios. For
this purpose, fibrous and non-fibrous concrete mixtures with five different W/C ratios, 0.3, 0.4, 0.5, 0.6 and 0.7, were
produced. In fibrous mixtures, 1% steel fiber with an aspect ratio of 64 the total volume was used. To determine the
specimen shape and size effects on concrete strength, 10 cm and 15 cm cube specimens, 10 x 20 cm, and 15 x 30 cm
cylinder specimens were prepared. Thus, 480 cylindrical and cubic specimens were produced in total and strength-time
and strength-specimen size and shape relationships were compared in fibrous and non-fibrous concretes with different
strength classes.
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Materials and methods

In this part, the chemical and physical properties of the materials used in the experimental study and the amounts of
materials used for the production of 1 m? concrete are demonstrated. In order to minimize the effect of the ambient
conditions on the experiment, all the materials which are used in the study were kept in a room with a temperature of
20 £ 2 °C for 48 hours before the experiment.

Cement
In the experimental studies, CEM | 42.5R type cement produced by Bursa cement factory with 3530 cm? / g of specific

surface and 3.15 of specific weight, respectively, were used in accordance with TS EN 197-1 (TS EN 197-1, 2012)
Standard. The mechanical, physical and chemical properties of the cement used are given in Table 1.

Table 1.Chemical composition and mechanical and physical properties of the cement. (Self-Elaboration).

Item (%) Physical Properties
Sio? 18.86 Specific Gravity 3.15
Al03 5.71 Mechanical Propierties
Fe?03 3.09 Compressive 1-Day 14.7
Ca0 62.70 strength (MPa) 2-Day 26.80
MgO 1.16 7-Day 49.80
So3 2.39 28-Day 58.5
Na20+0.658K20 0.92 Fineness
cr 0.01 Blaine Specific surface (cm?/g) 3530
Insoluble residual 0.32 Residual on 0.045 mm sieve (%) 7.6
Loss on ignition 3.20
Free CaO 1.26

Aggregates

In concrete mixtures crushed limestone aggregate with the largest grain diameter of 22 mm was used. Water absorption
capacity and specific gravity of aggregates obtained according to TS EN 1097-6 (TS EN 1097-6, 2013) Standard is given
in Table 2. In addition, gradation of the aggregates shown in Table 3 was performed according to TS EN 206 (TS EN 206,
2014) Standard. In concrete mixtures, crushed limestone aggregate as 40% of total aggregate volume of 0-5 mm, 30%
of 5-12 mm and 30% of 12-22 mm of size was used.

Table 2.Physical properties of the aggregates used in the concrete mixtures. (Self-Elaboration).

Aggregate
Type Dimension  Specific Bulk Density (kg/m3)  Water Absorption
(mm) Gravity Capacity (%)
0-5 2.72 1655 0.80
I(i:r:::?;c:]e 5-12 2.68 1441 0.44
12-22 2.71 1405 0.24
Table 3. Sieve analysis of the aggregates used in the mixtures. (Self-Elaboration).
Sieve size (mm) 0-5mm 5-12 mm 12-22 mm
315 100 100 100
16 100 100 49.7
8 100 72.2 0.1
4 100 7 0
2 77.5 0 0
1 49.3 0 0
0.5 32 0 0
0.25 12.9 0 0
0.125 2.5 0 0
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Water reducing admixtures

Polycarboxylate-ether based, high rate water reducing admixtures purchased from Polisan company were used in
different ratios to provide the desired slump values in concrete mixtures. Some properties of the water reducing
additives used by the manufacturer are shown in Table 4.

Table 4. Properties of the water reducing admixture. (Self-Elaboration).

Type Density (g/cm3) pH value Chloride Alkali Content,
Content (%) Na20 (%)
Polycarboxylate ether 1.023-1.063 5-8 <0.1 <10
based
Steel fiber

In fibrous mixtures, mono-type steel fiber with 64 aspect ratio and two hooks at both ends in accordance with TS EN
14889-1 (TS EN 14889-1, 2006) standard was used. Additionally, for all fibrous mixtures, the fiber utilization rate was
kept constant at 1% of the total mixtures volume. The mechanical and physical properties of the used steel fibers are
given in Table 5.

Table 5. Mechanical and physical properties of the steel fibers. (Self-Elaboration).

Lenght (mm) 35
Diameter (mm) 0.55
Density (g/cm3) 7.8
Aspect ratio 64
Tensile strength (N/mm?) 1500

Preparation of the mixtures

As previously mentioned, a set of 10 mixtures with and without fibers were produced within the extent of the study.
The slump value was kept constant at 17 £ 2 cm in all mixtures. The slump test was performed according to the TS EN
12350-2 (TS EN 12350-2, 2010) standard. High water reducing admixture was used in different ratios to provide
requested slump value. The material quantities for 1 m3 of concrete production are given in Table 6. As a result, the
water reducing admixture requirement has increased with the use of fiber in order to achieve the requested slump
value (17 £ 2 cm). This was more distinct in concrete with low W/C ratios. As expected, the fresh state unit weight of
concrete mixtures increased slightly with the use of fiber. Concrete mixtures prepared in the mixer were placed in the
molds by compaction according to the relevant standard. The produced specimens were demolding after 24 hours and
kept in water with a constant temperature of 22 + 2 °C.

The control mixtures K03, K04, K05, KO6, KO7 and fibrous mixtures were encoded with the indications of L03, L04, LO5,
LO6, LO7.

Table 6. Mixture quantities for 1 m3 concrete. (Self-Elaboration).

Aggregate (kg)

Mixture Cement (kg) Water (kg) Fiber (kg) gg;?:tcjrle (ke) Slump (cm)
code 5-12 12-22
0-5 (mm)

(mm) (mm)
K03 650 195 629 465 477 0 3.75 17
K04 488 195 686 564 513 0 2.25 18
K05 390 195 721 533 539 0 1.34 16
K06 325 195 744 550 556 0 0.74 15
K07 278.6 195 761 562 568 0 0.5 17
L0o3 650 195 618 457 462 78 4.5 16
LO4 488 195 676 499 505 78 2.75 17
LO5 390 195 710.5 525 531 78 1.75 15
LO6 325 195 733.3 542 548 78 1 16
LO7 278.6 195 761 562 568 78 0.52 15
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Fresh state results

In this study, the slump values and fresh state unit weights of the mixtures were measured as fresh state properties.
The results are given in Figures 1 and 2.

Figure 1. Slump values of the fibrous and non-fibrous mixtures at different W/C ratios. (Self-Elaboration).
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Figure 2. Unit weights of the fibrous and non- fibrous mixtures at different W / C ratios. (Self-Elaboration).
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As expected, with the increase of the W/C ratio of the mixtures, the admixture demand for providing the desired slump
value increased. For example, 0.5 kg water reducing admixture was used in KO7 mixture to provide 17 £ 2 cm whereas
3.75 kg water reducing admixture was used to increase this value by 7.50 times to provide this value in KO3 mixture.
The admixture requirement for providing mentioned target slump value in mixtures increased with the use of fiber. The
unit weights of the mixtures increased with the decreasing of W/C ratio and the use of steel fiber, which shows that
steel fiber in the mixtures was distributed in the mixture homogeneously in the fibrous mixtures.

Unit weight (kg/m3)

Hardened state results

Compressive and splitting tensile test results of concrete mixtures with different sizes and shapes are shown in Figure
3-6 for fibrous and non-fibrous cases. However, strength values could not be measured due to the wall effect of 10 cm
cube and 10 x 20 cm cylinder specimens containing 1% steel fiber with a W / C ratio of 0.7.
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Figure 3. Compressive strength (MPa) of the non-fibrous mixtures. (Self-Elaboration).
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Figure 4. Compressive strength (MPa) of the mixtures containing 1% steel fiber. (Self-Elaboration).
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Figure 5. Splitting-tensile (MPa) strength of the non-fibrous mixtures. (Self-Elaboration).
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Figure 6. Splitting-tensile strength (MPa) of the mixtures containing 1% steel fiber. (Self-Elaboration).
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The shape of the specimens with a 0.3 W / C ratio subjected to splitting-tensile and compressive tests are shown in
Figures 7 and 8, respectively.
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Figure 7. Specimens subjected to the splitting-tensile test. a) Non-fiber specimen; b) Fibrous specimen. (Self-Elaboration).

Figure 7. Specimens subjected to the compressive test. a) Non-fiber specimen; b) Fibrous specimen. (Self-Elaboration).

Time-strength relationship

In order to clearly examine the effect of the time factor on the strength development of specimens with different shapes
and sizes, the 7-day relative strength ratio to the 28 day-strength for each mixture is shown in Tables 7 and 8. Regardless
of the specimen shape and size, the average 7-day relative strength results for different W/C ratios are given in Tables
7 and 8.

Table 7. 7-day compressive strength to 28-day compressive strength ratio for the specimens with different W / C ratio (%). (Self-Elaboration).

Mixture code 10x10x10 cm 15x15x15 cm 10x20 cm 15x30 cm Average (%)
K03 88 85 93 85 88
K04 89 95 87 90 90
K05 87 90 91 84 88
K06 85 85 89 89 87
K07 82 79 81 77 80
Lo3 91 89 87 86 88
LO4 91 95 87 93 91
LO5 88 94 86 92 90
LO6 84 87 90 84 86
L07 0 87 0 78 83
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Table 8. 7-day splitting-tensile strength to 28-day splitting-tensile strength for the specimens with different W/ C ratio (%). (Self-Elaboration).

Mixture code 10x10x10 cm 15x15x15 cm @10x20 cm @15x30 cm Average (%)
K03 92 86 89 90 89
K04 83 81 93 96 88
K05 95 94 85 83 89
K06 97 94 87 97 94
K07 92 94 86 91 91
LO3 96 90 82 97 91
LO4 92 91 91 90 91
LO5 96 91 92 80 90
LO6 91 84 94 92 90
LO7 0 85 0 88 87

As known, concrete is a building material which gains strength by time as a result of the hydration. According to the
results, the strengths of the concrete mixtures increased by time regardless of the specimen shape, size and fiber usage.
As an expected result, strength increase rate observed to be high during the first days of the hydration and decelerates
in time (Ashkari, 2015). It can be understood from Table 7 that between 80% and 90% of the average compressive
strength of the concrete mixtures is provided during the first 7 days. The concrete strength change for low W/C ratio
and higher strength value was faster during the first 7 days compared to the mixtures with high W/C ratios. For instance,
the 7-day compressive strength of the KO3 mixture with the 0.3 W/C ratio of and without steel fiber was 88% of the 28-
day compressive strength. However, that ratio in KO7 mixture which is prepared with 0.7 water cement ratio and without
contain steel fiber is observed as 80%, as can be seen in Table 7.

This situation is resulted from the high cement content in KO3 mixtures. A certain amount of cement increase results in
increase of the hydration rate, thus the concrete strength gain rate advances as well. Concrete mixtures gained nearly
90% of the 28-day splitting-tensile strength during the first 7 days (Table 8). It was observed that the rate of splitting
tensile strength gain of the concrete mixtures with different W/C ratio is very close to each other. Similar results were
seen in 15 cm separated cube, 10x20 cm and 15x30 cm cylinder specimens as shown in Figure 3-6. Similar behaviors
were also observed in fiber-containing mixtures. As a result, it can be seen that the rate of gaining strength for concrete
mixtures decreases when W/C ratio reduces, which is due to the increased rate of hydration in concretes with low W/C
ratio (mixtures with high cement content).

Specimen size and shape-strength relationship

Based upon the strength of 15 cm cube specimens for each W / C ratio in fibrous and non-fibrous mixtures relative
strengths of other specimens were calculated in order to determine the effects of specimen shape and size on
compressive strength. The process was applied for both 7-day and 28-day specimens. Obtained results are shown in
Figure 9-12.

Figure 9. Relative compressive strength of the non-fibrous mixtures according to 15 cm cube specimen (%). (Self-Elaboration).
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Figure 10. Relative compressive strength of the mixtures with 1% steel fiber according to 15 cm cube specimen. (Self-Elaboration).
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Figure 11. Relative splitting-tensile strength of the non-fibrous mixtures according to 15 cm cube specimen (%). (Self-Elaboration).
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Figure 12. Relative splitting-tensile strengths of the mixtures containing 1% steel fiber according to 15 cm cube specimen (%). (Self-Elaboration)
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According to the TS EN 206-1 (TS EN 206, 2014) Standard, the ratio of 15 x 30 cm cylinder specimen to 15 cm cube
specimen for low, normal and high strength concrete is stated to be between 20% and 25%. However, as stated by the
experimental results performed in this study, regardless of the specimen age and size, the ratio of the cylinder specimen
strength to the compressive strength of the cube specimen ranged from 5% to 20%. Therefore, contrary to the TS EN
206-1(TS EN 206, 2014) Standard, the strength ratio between cylinder and cube mixtures increases as concrete strength
increases, which advocates the studies in the literature (Felekoglu & Tiirkel, 2005; Tokyay & Ozdemir, 1997). As can be
seen from the results, in non-fibrous mixtures, the strength values were increased as the specimen size decreased
regardless of the specimen shape. That situation proves that it supports the size effect rule. Similar results were
obtained by Del Viso et al. (2008) and Aslani (2013).

In fiber-containing mixtures, the compressive strength of small-sized specimens (10 cm cube and 10 x 20 cm cylinder)
at a low W/C ratio was greater than that of the standard specimens (15 cm cube and 15 x 30 cm cylinder). However, a
reverse situation was observed in high W/C ratios (Figure 4). In all series, the highest splitting tensile strength was
observed in 10 x 20 cm cylinder specimens and the lowest splitting tensile strength was observed in cube specimens
with 15 cm separation (Figure 5 and Figure 6). As seen in Figure 9, the compressive strength ratio of 10 cm cube
specimens to 15 cm cube specimens in 7-day was 106% to 113% and in 28-day 103% to 109%. At lower W/C ratios, this
phenomenon became even more obvious. The ratio of 10 x 20 cm cylinder specimens to 15 cm cube specimens was
110% and 102% in KO3 mixture for 7 and 28-day specimens, respectively. In other non-fibrous mixtures, this ratio was
observed to range from 85% to 97%. With the increase of concrete strength, the compressive strength of 10x20 cm
cylinder concrete specimens increased slightly compared to the 15 cm cube specimens.

However, the compressive strength of 10x20 cm cylinder specimens was lower than the 15 cm cube specimens in
normal and low strength concrete. It is seen that the ratio of compressive strength of standard cylinder specimen with
dimensions of 15 x 30 cm to the strength of standard cube specimens of 15 cm is between 82% and 95%. These ratios
increased with the increase of concrete strength. Similar results were obtained by other researchers (Ashkari, 2015;
Copuroglu, 2001). As it seen in Figure 8, the compressive strength ratio of 10 cm cube specimens in fibrous mixtures
compared to 15 cm cube specimens was between 100% and 108% for 7-day specimens and 104% to 109% for 28-day
specimens. As a result, the compressive strength of fibrous cube specimen was less affected by the specimen size than
non-fibrous cube specimens. As emphasized earlier, excessive wall effect was observed in 10 cm cube and 10 x 20 cm
cylinder specimens in LO7 mixture with a W/C ratio of 0.7 containing 1% fiber. This situation is clearly understood from
Figure 11. Therefore, the strength values of these specimens could not be measured. It is thought to be due to the lack
of sufficient binder and fine material in the LO7 mixture.

In these mixtures, 60% of the total aggregate is used with coarse aggregate including the largest grain diameter of 22
mm and steel fiber as 1% of its total volume. For this reason, especially in the case of small specimen sizes, it became
impossible to properly compress the mixture and to distribute the fiber beads uniformly. Due to the insufficient binding
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material between the aggregate grains and the inner surface of the mold, the surrounding of the coarse aggregate could
not be covered by the matrix. Therefore, the wall effect shown in Figure 13 occurred.

It was determined in the previous studies that the fine aggregate content should be increased by 10% in order to place
the 10 cm cube concrete specimen made from the aggregate with the largest grain diameter of 19 mm according to the
larger specimens in the mold by full compression (Neville A.M, 1995). Results prove that the use of small sized specimens
in fibrous concrete was not appropriate. The strength ratio of the 10x20 cm cylinder specimens to 15 cm cube specimens
in fibrous mixtures was between 78% -97% and 76% -100% for 7 and 28-day specimens, respectively. With the increase
in concrete strength class, the strength of 10 x 20 cm cylinder specimens increased compared to 15 cm cube specimens.
The compressive strength of 15x30 cm standard cylinder samples in fibrous mixtures is seen to be between 80% and
94% of the 15 cm standard cube samples. These ratios increased with the increase of the concrete strength. It was found
out that these ratios are very close to each other in fibrous and non-fibrous mixtures with increasing compressive
strength.

Figure 13. The wall effect of the 10 cm separated cubes and @10 x 20 cm cylindrical specimens prepared with LO7 mixtures. (Self-Elaboration).

As it shown in Figure 11, the splitting tensile strength ratio of 10 cm cube specimen to 15 cm cube specimen in non-
fibrous mixtures is between 102% and 112% except the K04 mixture. In the study conducted by Tugal and Arici (2011),
it was determined that the splitting-tensile strength increased with the reduction of the specimen size. The splitting
tensile strength ratio of 10x20 cm concrete specimens to 15 cm concrete specimens was found to be between 106%
and 147%. This ratio was found to be higher in low strength concrete. The splitting-tensile strength ratio of 15x30 cm
cylinder specimens to 15 cm cube specimens was observed between 100% and 134%. As shown in Figure 12, the fiber-
tensile strength of 10 cm cube specimens in fibrous mixtures was found to be between 93% and 115% of 15 cm cube
specimens. Splitting-tensile strength of 10 cm cube specimens with low W/C was higher than that of 15 cm cube
specimen. However, that ratio reduces with high W/C ratio and low binding material.

This situation is thought to be due to the wall effect (Copuroglu, 2001). The splitting-tensile strength of 10x20 cm
cylinder specimens was found to be between 107% and 161% of 15 cm specimens. The splitting-tensile strength of
15x30 cm cylinder specimens was found to be between 89% and 128% of 15 cm specimens.

Relationship between the compressive and splitting-tensile strengths

The ratio of the compressive strength to the splitting tensile strength of the specimens is summarized in Table 9

including fibrous and non-fibrous mixtures for all W/C ratios. In addition, the splitting-tensile strength results
independent from the W/C ratio in the mixture is given in Table 9.
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Table 9. Compressive strength ratio of the 7 and 28-day splitting-tensile strength of different cube and cylinder specimens. (Self-Elaboration).

Mixture code Ob1s / Ot15 Ob15x30/ Ot15x30 Ob10/ Ot10 Ob10x20/0t10x20

7-Day 28-Day 7-Day 28-Day 7-Day 28-Day 7-Day 28-Day
K03 16.44 16.51 12.13 12.79 16.55 18.71 13.94 13.37
K04 16.43 14.05 11.78 12.58 18.19 20.53 11.66 12.46
K05 14.13 14.72 10.34 10.23 14.38 16.44 11.04 10.31
K06 13.06 14.39 9.76 10.67 13.14 15.55 8.96 8.67
Ko7 11.68 13.81 7.35 8.76 11.76 14.38 7.71 8.11
Average 14.35 14.70 10.27 11.01 14.80 17.12 10.66 10.58
LO3 12.62 12.75 8.89 10.06 12.22 12.93 8.36 7.96
LO4 12.57 12.04 9.49 8.08 11.2 11.41 7.52 6.67
LO5 10.72 10.47 9.21 7.96 10.09 10.9 7.09 7.56
LO6 9.81 9.4 7.7 8.48 9.69 10.48 6.36 6.67
LO7 9.6 9.39 7.09 7.93 - - - -
Average 11.06 10.81 8.48 8.50 10.8 11.43 7.33 7.22

According to the results in Table 9, the ratio of compression strength/splitting-tensile strength increased with the
increasing of compressive strength of concrete mixture independently from the fiber usage and specimens shape.
Similar results were obtained from the study conducted by Copuroglu (2001). The ratio of compressive strength to
splitting tensile strength was found to be 14.5 for 15 cm cube specimens in non-fibrous mixtures, and 10.6 for 15x30
cm cylinder specimens. The ratios for 10 cm cubes and 10x20 cm cylinders are 15.96 and 10.62, respectively. As a result,
the ratio of compressive strength to the splitting tensile strength was higher in cube specimens than in cylindrical
specimens regardless of the fiber use. In addition, it is understood from Table 9 that regardless of the concrete strength
class, in non-fibrous mixtures, the ratio of compressive strength / splitting-tensile strength is higher than the fibrous
mixture.

The ratio of compressive strength to the splitting tensile strength in fibrous mixtures was found to be 10.94 in 15 cm
cube specimens and 8.49 in 15x30 cm cylinder specimens, respectively. Likewise, for 10 cm cube and 10x20 cm cylinder
specimens, this ratio was found to be 11.12 and 7.27, respectively. According to the results obtained, the findings related
to the splitting-tensile and compressive strengths are as follows:

a) Regardless of the use of the steel fiber and the shape of the specimen, the ratio of compressive strength /
splitting-tensile strength increased with the increasing of concrete strength class.

b) In non-fibrous mixtures, the ratio of the compressive strength of 15 cm cube specimen to the splitting tensile
strength was 35% higher than that of 15x30 c¢cm cylinder specimens. It has been seen that the ratio of
compressive strength/splitting-tensile strength was approximately 50% higher in 10 cm cube specimens than
10x20 cm cylinder specimens.

c) In fiber-containing blends, the ratio of compressive strength / splitting-tensile strength of 15 cm cube
specimens was 29% higher than 15x30 cm cylinder specimens. This ratio was found to be 53% higher in 10 cm
cube specimens than 10x20 cm cylinder specimens.

d) It was understood from the test results that the ratio of compressive strength / splitting-tensile strength of 15
cm cube specimens was 32% higher in non-fibrous mixtures than fibrous mixtures. This ratio was determined
as 43%, 26% and 46% for 10 cm cube, 15x30 cm cylinder and 10x20 cm cylinder specimens, respectively.

Regardless of the specimen size, the relationship between the splitting-tensile compressive strength of the cylinder and
the cube specimens is demonstrated in Figures 14 and 15 for non-fibrous and fibrous conditions, respectively.
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Figure 14. Relationship between the splitting tensile and compressive strength of the cube and cylinder specimen of non-fibrous mixtures. (Self-Elaboration).
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Figure 15. Relationship between the splitting tensile and compressive strength of the cube and cylinder specimens of fibrous mixtures. (Self-Elaboration).

& - [
- 12 Cylinder Cube
2y
& 10 y =0.1021x + 1.0079 A
= r=098317
=11}
=
=
7
u 6
= 0.0618x +1.5339
2 4 = 0.9838
B
=
2 2
=
oo
0 20 40 &0 g0 100
Compressive strenght (WMPa)

Itis also understood from Figures 14 and 15 that there is a strong linear relationship between compressive and splitting-
tensile strengths regardless of the fiber use and specimen shape. This behavior in cube specimens was more distinct
than the cylinder specimens.

The effect of the use of steel fiber on the strength of concrete specimens

The strength of the mixtures with 1% steel fiber and non-fibrous mixtures with the same W/C ratio is given in Table 10
and 11, respectively.

Table 10. Compressive strength ratio of the fibrous mixtures compared to non-fibrous mixtures (%). (Self-Elaboration).

Specimens (cm)  Curing time (Day) L03/K03  L04/K04 LO5/K05 LO6/K06 LO7/K07
10x10x10 7 111 114 102 98 0
28 108 111 101 99 0
15x15x15 7 116 114 107 105 112
28 111 114 104 102 102
10x20 7 102 117 96 88 0
28 109 117 100 87 0
15%30 7 110 118 114 104 108
28 110 114 104 110 106
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Table 11. Splitting-tensile strength ratio of the fibrous mixtures compared to non-fibrous mixtures (%). (Self-Elaboration).

Specimens (cm)  Curing tim (Day) LO3/K03 L04/K04 LO5/K05 LO6/K06 LO7/K07
10x10x10 7 150 184 145 134 0
28 143 166 144 143 0
15x15x15 7 151 149 142 139 136
28 143 133 146 157 150
10x20 7 170 182 150 124 0
28 183 187 138 113 0
15%30 7 150 147 128 131 112
28 139 156 134 138 117

As shown in Table 10 and 11, 15 cm cube specimens, the compressive strength of fibrous mixture was 102% and 117%
of compressive strength of non-fibrous mixtures and this ratio in splitting-tensile strength was 133-157%. Similarly, an
increase of 99% to 114% in compressive strength of fibrous mixtures was observed. This ratio for splitting-tensile
strength was 143% to 166% of non-fibrous mixtures. In the 15x30 cm cylinder specimens, an increase of 104% to 114%
was observed in the compressive strength values of fibrous mixtures compared to non-fibrous mixtures, while an
increase of 134 to 156% in spitting-tensile strength was recorded. According to the results, no significant effect of the
use of steel fiber on the compressive strength of low and normal strength concrete was observed. In specimens with
small size (10 cm cube, 10 x 20 cm cylinder) and with high W / C ratio, decrease in the compressive strength of fibrous
concrete mixtures was observed.

The compressive strength of the mixture with W / C ratio of 0.7 could not be measured due to the excessive wall effect
on the specimens. This is thought to be due to the fact that the binder material and fine aggregate are small and that
the fibers do not homogeneously disperse in the mixture and thus lead to agglomeration. Therefore, the use of small-
sized specimens in low-strength fibrous concretes was not suitable. Similar behaviors were observed in the splitting
tensile strength of the concrete mixtures. With the use of fiber, the spitting-tensile strength of the concrete mixtures
was increased between 1.12 and 1.87. However, as observed in the measurement of the compressive strength of
concrete mixtures, the splitting-tensile strength of small-sized specimens prepared at a W / C ratio of 0.7 could not be
measured. However, with the use of fiber in high-strength concrete, a 10% increase in compressive strength of the
concrete mixtures was determined.

The results summarized below were obtained based on the materials used and in accordance with the methods applied.

e Asexpected, the strength of concrete mixtures increased over time, regardless of the specimen shape, size and
fiber utilization.

e In the concrete with low W/C ratio, the first 7-day strength development was faster than the mixtures with
high water / cement ratios.

e 85% of the 28-day compressive strength was gained in the first 7 days.

e Asexpected, the strength of the concrete mixtures increased with the reduction of ~ W/C ratio, regardless of
fiber use, specimen size and shape.

e It has been observed that with the increase in concrete strength class, the strength ratio between cylinder and
cube specimen has increased.

e In non-fibrous mixtures, strength values were increased as the specimen size decreased, regardless of the
specimen shape.

e In the fiber-containing mixtures, compared to the standard specimens (15 cm cubes and 15x30 cm cylinders),
the small specimens (10 cm cubes and 10 x 20 cm cylinders) showed better performance in terms of
compressive strength. However, in the case of high w/c ratio, the compressive strength decreased compared
to the standard specimens owing to the existence of wall effect in small size specimens. In this context, the
strength values of the small-sized fibrous specimens with a W/C ratio of 0.7 could not be measured because of
the excessive wall effect in the specimen. Therefore, small size specimens do not exhibit real behavior in terms
of strength in fiber-containing mixtures with high W/C ratio.

e |t was found that the compressive strength of fiber-containing cube specimen was less affected by specimen
size than non-fibrous cube specimens.

e Regardless of fiber usage and specimen shape, an increase was observed in the compressive strength/splitting
tensile strength ratio with the compressive strength increase of the concrete mixture.
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Regardless of the steel fiber use, the ratio of compressive strength to splitting-tensile strength in cubic
specimens was higher than that of cylindrical specimens. Furthermore, it was found that, in fiber-free mixtures,
compressive strength/ splitting-tensile strength ratio was higher than the fiber containing mixtures, regardless
of the concrete strength class.

Regardless of the steel fiber usage and specimens shape, a strong linear relationship was found between
compressive and splitting-tensile strengths. This behavior in cube specimens was more distinct than the
cylindrical specimens.

It was observed that the use of steel fiber has no significant effect on the compressive strength of the concrete
with low and normal strength class. However, with the use of fiber in high strength concrete, a 10% increase
in compressive strength of concrete mixtures was determined.
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