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Assessment of the influence of the shape of steel fibers
on the properties of concrete composites

Pawet Helbrych?

ABSTRACT:

The article deals with the issue of the suitability of steel fibers in concrete mixtures. The influence of the
shape of steel fibers was also assessed. Two types of steel fibers were analyzed, straight and hooked.
The test fibers were made of the same steel and had exactly the same slenderness, diameter and length.
The samples were tested after 28 days of maturation, and the mechanical properties that were checked
were compressive strength, concrete tensile strength in a bend test and concrete tensile strength when
splitting. The results were statistically analyzed and presented in the article.
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1. Introduction

Due to the increased tensile and compressive strength, concretes reinforced with dispersed
fiber are becoming more and more popular in Poland and around the world. In addition, due to
the increased fatigue strength and, compared to ordinary concrete, greater abrasion resistance,
they are widely used in the construction of slabs on the ground, foundation walls or industrial
floors [1-3]. Fibers added to concrete are most often made of steel or plastic, including
composite materials. The advantages of steel fibers certainly include the simplicity and speed of
production and the possibility of using previously recycled materials [4-7]. According to the
following standard [8], steel fibers are straight or deformed fragments of cold drawn steel wire,
straight or deformed cut fibers from a sheet, fibers obtained from alloy, cut fibers from cold
drawn wire and rolled fibers from steel blocks, suitable for homogeneous mixing with concrete
or mortar [9, 10].

2. Research methodology

The main aim of the research was to determine the influence of the shape of steel fibers on
the properties of concrete composites. The tests were carried out on samples made of concrete
reinforced with two types of non-galvanized steel fibers and samples made of concrete without
the addition of dispersed reinforcement as a control series. The dispersed reinforcement used
for the tests is shown in Figure 1, and its geometric parameters are described in Table 1.
The reinforcement used for the tests was made of steel with the same tensile strength
Rm =1000+1020 MPa, and with the same slenderness A =1/d = 41.6 (1 = 50 mm, d = 1.2 mm),
but it differed in shape. The first type of reinforcement (Fig. 1a) was hook-shaped, while
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the second type of reinforcement was straightand and was selected for testing for comparative
purposes (Fig. 1b).

Table 1
Geometric parameters of fibers
Mark Length Diameter Slenderness Shape Tensile strength
L [mm] d [mm] (L/d) longitudinal [MPa]
P 50 1,2 41,6 straight 1000+1020
50 1,2 41,6 hook shape 1000+1020

Both the first and the second type of reinforcement were dosed by weight to the concrete
mix in three ranges: 10, 15 and 20 kg/m3 (Table 2). The fibers were randomly distributed in the
concrete mix and added just after the remaining components of the concrete mix had been
mixed. It took no more than 7 minutes to make one sample.
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Fig. 1. Dispersed reinforcements used in the tests:
a) hook-shaped reinforcement, b) simple reinforcement

In order to make the tested concretes, components widely used in industry were chosen:
Portland cement CEM I 32.5 R, gravel mix of 2+8 and 8+16 mm fractions, 0+2 mm fraction sand,
tap water and 2 MasterEase 5051 superplasticizer, 5% by weight of cement. The concrete
was designed using the analytical and experimental method, with the W/C ratio = 0.45. It was
assumed that the class of concrete used for the tests should not be lower than C30/37, and the
designed consistency was S4. All samples were made and tested in the laboratory of the Faculty
of Civil Engineering at the Czestochowa University of Technology. Table 2 shows the concrete
mix recipe.

Table 2
Concrete mix recipe
The amount of ingredients per 1 m3 concrete mix [kg]
Ingredients
SK ‘ S1P | S2p ‘ S3P | S1H | S2H ‘ S3H
Cement CEM | 372
water 168
Sand 0+2 mm 770
Gravel 2+8 mm 428
Gravel 8+16 mm 550
Superplasticizer 9.3
Hook-shaped steel fibers 0 10 15 20
Straight steel fibers 0 10 15 20 0
w/C 0.45
Consistency class S4

In all test series, 6 cubic samples with dimensions 150x150x150 mm and 3 cubic samples
with dimensions 150x150x600 mm were made. For each series, the consistency class was
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determined by the cone fall method according to PN-EN 12350-2. The samples were disinte-
grated after 24 h, then, until the tests, they were stored at the temperature of 20 +2°C and
a relative air humidity equal to 100%.

After 28 days from making the samples, the compressive strength tests according to
PN-EN 12390-3 [11] and the tensile strength of the concrete in the bending test - free-
supported beam symmetrically loaded with one force according to PN-EN 12390-5 [12] were
carried out, in addition, a further strength test was carried out (tensile strength when splitting
according to PN-EN 12390-6 [13]). All tests were performed on a Toni Technik type 2030
testing machine in accordance with the requirements of PN-EN 12390-4 at the Faculty of Civil
Engineering of the Czestochowa University of Technology.

3. Results

In the case of all samples, the surfaces were loaded in the molds, they were not sanded or
covered with a leveling layer. The tests were performed within one hour after being moved
from the care site. The temperature in the test room was 20°C (+5°C). The surfaces of the plat-
ens of the strength test machine were wiped clean and the surfaces of the specimens were
checked for contamination or foreign materials that could interfere with the test. No other pres-
sure plates or spacers were used between the sample and the platens. The samples were wiped
of excess moisture just prior to testing and placed in the testing machine in such a way that
the load was applied perpendicular to the forming direction in the center of the pressure plate
of the machine. The loading speed during the tests was constant and amounted to 0.4 MPa/s.

The results of the compressive strength tests are shown in Figure 2. The average compres-
sive strength of the control concrete (SK), determined after 28 days was fcm = 41.85 MPa, for the
series of concretes with the addition of straight dispersed steel reinforcement, it was respec-
tively: series with the addition of 10 kg/m3 (S1P) - fom = 49.83 MPa, series with the addition of
15 kg/m3 (S2P) - fom = 46.1 MPa, series with the addition of 20 kg/m3 (S3P) - fem = 47.96 MPa.
For the series of concretes with the addition of steel hooked dispersed reinforcement, it was re-
spectively: series with the addition of 10 kg/m3 (S1H) - fom = 49.83 MPa, series with the addition
of 15 kg/m3 (S2H) - fem = 46.1 MPa series with the addition of 20 kg/m3 (S3H) - fom = 47.96 MPa.
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Fig. 2. Compressive strength results according to PN-EN 12390-3 of concretes of all series

The results of concrete tensile strength in the bending test are shown in Figure 3. The average
tensile strength of concrete in the bending test of the control concrete (SK), determined after
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28 days was fct = 4.2 MPa, for the series of concretes with the addition of straight dispersed steel
reinforcement was respectively: series with the addition of 10 kg/m3 (S1P) - f«c = 5.6 MPa, series
with the addition of 15 kg/m3 (S2P) - f«c = 5.5 MPa, series with the addition of 20 kg/m3 (S3P) -
fee = 5, 7 MPa. For the series of concretes with the addition of steel hook-shaped dispersed rein-
forcement, it was respectively: series with the addition of 10 kg/m3 (S1H) - fct = 5.7 MPa, series
with 15 kg/m3 (S2H) - fee = 5.5 MPa, addition of 20 kg/m3 (S3H) - fct = 5.7 MPa.
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Fig. 3. Concrete tensile strength results in a bending test - a freely supported beam symmetrically
loaded with one force according to PN-EN 12390-5 of all concrete series
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Fig. 4. The results of the tensile strength when splitting according to PN-EN 12390-6 series of concretes
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The results of the concrete tensile strength tests when splitting are shown in Figure 4.
The average tensile strength of concrete when splitting test concrete (SK), determined after
28 days was fit = 1.9 MPa, for a series of concretes with the addition of steel dispersed rein-
forcement of the straight line was respectively: series with the addition of 10 kg/m3 (S1P) - fc =
= 2.2 MPa, series with the addition of 15 kg/m3 (S2P) - fec = 2.4 MPa, series with the addition of
20 kg/m3 (S3P) - foe = 2.4 MPa. For the series of concretes with the addition of steel hook-
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shaped dispersed reinforcement, it was respectively: series with the addition of 10 kg/m3 (S1H)
- foe = 2.3 MPa, series with the addition of 15 kg/m3 (S2H) - fec = 2.3 MPa, series with addition of
20 kg/m3 (S3H) - fet = 2.5 MPa.

4., Conclusions

During the research, it was not observed that the type of fibers used had an impact on the
spread of the concrete mix, its flow limit or plastic viscosity. The addition of steel fibers to the
concrete mix had a positive effect on the mechanical properties of the concrete mixes. On aver-
age, the compressive strength in relation to the control mixture increased by 16%, the tensile
strength in the bending test by 33%, and the splitting strength by 39%. The test results for the
samples with steel reinforcement slightly differed from each other, with the calculated standard
deviation of the test, it can be concluded that in the area of the tests performed, the shape of the
dispersed steel reinforcement has no significant influence. Moreover, in the scope of the tests
carried out, the increased volume fraction of the added fibers, both in the case of straight and
hook-shaped fibers, slightly increased the mechanical properties of the concrete tested.
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Ocena wplywu ksztattu wiékien stalowych
na wlasciwosci kompozytéw betonowych

STRESZCZENIE:
Poruszono zagadnienie przydatno$ci widkien stalowych w mieszankach betonowych oraz poddano pod
ocene wplyw ksztattu wioékien stalowych. Analizowano dwa rodzaje widékien stalowych - proste oraz
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haczykowate. Wtokna do badan byty wykonane z tej samej stali oraz miaty doktadnie te sama smuktos¢,
Srednice oraz dtugosé. Prébki badano po uptywie 28 dni dojrzewania, a wlasciwosci mechaniczne, jakie
sprawdzono, to wytrzymato$¢ na $ciskanie, wytrzymato$¢é betonu na rozciaganie w prébie zginania oraz
wytrzymato$¢ betonu na rozciaganie przy roztupywaniu. Wyniki poddano analizie statystycznej.
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