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ABSTRACT

Concrete is a non-homogeneous material and it has high compressive strength but it is weak in tension. Cracks
occur when tensile stresses exceeded. Improving of concrete properties by adding steel fibers to plain concrete
to overcome the weakness of concrete. In this paper steel fibers (S.F) is added with (1mm) diameter and (50mm)
long i.e. spect ratio (I/d=50) to plain concrete to study its effect on properties of concrete (workability,
compressive strength, splitting tensile strength, flexural strength, abrasion resistance, and absorption). The tested
variables are characteristics of concrete (fo30MPa and f.,40MPa) with steel fibers content (0.4%, 0.5%, and
0.6%) by volume of concrete, and all specimens are tested at 28 days. The results show an increases in
compressive strength by (6%, 12 % and 17%) for f,,30 MPa and (8%, 13% and 16%) for f,,40 MPa for fiber
content 0.4, 0.5 and 0.6% respectively. The tensile strength increases by (38%, 59% and 67%) for f,,30 and
(21%, 35%, 53%) respectively for f,,40. Abrasion resistance is increased by (14%, 29%, and 31%) for f,,30 and
(6%,25% and 26%) for .40 respectively. The absoribtion of concrete is also enhanced by (7%, 14% and
26%) for f,30, and (25%, 33% and 55%) for f.,40. The flexural strength is enhanced by (10%, 15%and 20%)
for f.,30 and (12%, 37%, 40%) f.,40 respectively. While the workability decreases significantly for all mixes
containing steel fiber compared to control mix.
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l. INTRODUCTION
Fibers are used since ancient times, it have been used to reinforce brittle materials. The straw was used to
reinforce sun-baked bricks, and horse hair was used to reinforce mortars and plaster. Many engineering
materials including ceramic, plastic, cement and gypsum products are armed with fibers to improve the
properties of the mix. These properties include tensile strength, compressive strength, modulus of elasticity and
cracking control. During the early 1960s in the United States, the first experiments were conducted to evaluate
the potential of steel fibers in concrete reinforcement, Since then, a large amount of research developments, and
experiments in industrial applications of steel fiber in concrete has been done. Fiber reinforced concrete (FRC)
is normal concrete containing discontinuous discrete reinforcing fibers, the length and diameter of the fibers
used in FRC don't exceed 76 mm and 1 mm, respectively [1]. This paper studies the effect of steel fibers on
properties of concrete flooring. From the literature review, by using steel fibers the thickness of the road was
reduced by (25-30)% with the increase in the residual strength of the road pavement [2]. The compressive
strength enhanced and increased by increasing steel fibers content in concrete mix [3,4]. Splitting tensile
strength increased when the steel fiber content increases in mixes for hooked, crimped and straight steel fibers
[3, 5, 6]. It is found that steel fibers has higher effect on the flexural strength of SFRC than on either the
compressive or tensile strength. The increases in flexural strength is especially sensitive, to the aspect ratio of
the fiber and the length of fiber [4,6,7,8]. The materials selected have a large influence on the resistance level, as
does the mix composition, strength gain, and construction can significantly improve a concrete’s ability to
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abrasion [9]. The abrasion resistance was increased with increasing the amount of crimped steel fibers and
found that the shape of the steel fibers was not a significant factor but spect ration influencing factor to the
abrasion resistance [10,11,12]. Steel fiber content reduces the initial absorption rate but in long term increases
secondary absorption rate [13].

Il. EXPERIMENTAL WORK
The tested variables are characteristics of concrete (f.=30MPa and f.=40MPa) with and without steel fibers.
Steel fiber of 1mm diameter and 50mm length are used. Dosage of (0.4%, 0.5%, and 0.6%) by volume of
concrete. The experimental program is designed to test two groups of specimens, the concrete characteristic
group 1 (G1) of (f. 30 MPa) and group 2 (G2) of (f. 40 MPa); to study the effect of steel fiber on properties of
concrete (workability, compressive strength, splitting tensile strength, flexural strength, abrasion resistance, and
absorption).

1.  MATERIALS

The fine aggregate used with grain size from 0.15 mm to 4.75 mm, a specific gravity 2.56 and bulk density 1.55
t/m=. Coarse aggregate graded from 4.75 mm to 20 mm with a specific gravity 2.69 and bulk density 1.36 t/m3
are used. The cement used is Suez sulphat resistant cement CEM/SR3 with the grade of 42.5 N. It is locally
produced with a specific gravity of 3.14, the chemical and physical characteristics satisfy the Egyptian Standard
Specification [14]. The water-reducing admixtures help in increasing the workability of concrete without adding
water namely sikament-R 2004, and it complies with ASTM C494 type G [15]. All materials were obtained
from the local markets in the city of Ismailia in the Arab Republic of Egypt. Figure(1) shows end hook steel
fiber which is used in experimental work and table (1) shows the physical and mechanical properties of used
steel fiber.

Z
-— - L=50mm - - ’%z

Figure (1) Shape of steel fiber use in this work

Table (1) Properties of steel fibers (from manufacture )

Item Specifications
Relative density 7800
Tensile strength Minimum 1000 (MPa)
Modulus of Elasticity 201 (G Pa)
Average length 50 mm
Nominal diameter 1 mm
Aspect ratio 50

Mixing Design

Table (2) shows the mix proportions of the two concrete grades. Various concrete specimens ( 48 cubes
150x150x150 mm), ( 24 cylinders 200x100 mm), and (8 slabs 800x800x100 mm), were prepared, with
different content of steel fibers proportion from volume of concrete (0.0%, 0.4%, 0.5% and 0.6%) for both G1
and G2. The workability of concrete is measured by slump tests for all mixes and their values are between (130-
180mm) for G1 and (120-160 mm) for G2 as shown in figure (2).
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Table (2) Proportions of mix design of f.=30 MPa and f.=40 MPa forl m?
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Figure (2) Slump of mix vs. different % steel fiber content

TEST RESULTS AND DISCUSSIONS

The effect of different proportion of steel fibers in concrete on compressive strength, splitting tensile strength,
flexure strength, abrasion resistance, and absorption were investigated.

Compressive strength

The compressive strength test was carried out according to ECP 203 - 2007 [17]. The compressive strength test
of plain concrete and fiber reinforced concrete is conducted using a digital testing machine of 1500 KN. The
results of the compressive strength test on concrete specimens containing different percentages of steel fibers are
shown in table (3). Results of group 1 shows that the compressive strength of the specimens containing steel
fiber in the proportions of 0.4%, 0.5% and 0.6 are increased by 6%, 12% and 17%, respectively, while the
increase in compressive strength of the specimens in group 2 are 8%, 13%, and 16% respectively comparing
with conventional concrete. Figure (3) shows that compressive strength increase by increasing steel fiber content
in the concrete mix, these due to incorporating steel fibers and controlling cracks of concrete mix. From the
figure it can be observed that using steel fiber adding with ratio (0.4-0.6) has significantly effect on increasing
compressive strength of tested specimens more than as adding steel fiber with ratio 0.4%.

Table (3) Specimens test results of compressive strength

Grou Mix SF Compressive strength 28 Increase in compressive strength

P NO. % days MPa %with SFR

1 0.0 35 Reference
2 0.4 37 6
¢l 3 0.5 39 12
4 0.6 41 17

5 0.0 44 Reference
6 0.4 47 8
G2 7 0.5 50 13
8 0.6 51 16
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Figure (3) Compressive strength Vs. % steel fiber content at 28 days

Splitting tensile strength (Brazilian Test)

Splitting tensile strength test is carried out according to standard ASTM C 496-04 [18]. Table (4) shows the
results of the splitting tensile strength test for the concrete specimens containing different percentages of steel
fibers. For the group 1 containing 0.4%, 0.5% and 0.6% steel fiber, splitting tensile strength increased by 38%,
59% and 67%, respectively, while the increases in group 2 are 21%, 35% and 53% respectively, compared with
conventional concrete. Also, it was noticed that the mode of failure of normal concrete without steel fiber was
done by splitting the specimen into two parts with crashing some parts of the specimen while the specimen with
steel fiber was splitted and still the parts together and there was lateral side cracks as shown in Figure (4).
However, these failure indicate that fiberus concrete has higher ductility compared with control mix.

Table (4) Splitting tensile strength test results for specimens

Group | Steel fiber content % | Splitting tensile strength MPa | Increase in tensile strength %

0.0 3.08 Reference
0.4 4.26 38

Gl 0.5 49 59
0.6 5.15 67
0.0 3.85 Reference
0.4 4.65 21

G2 0.5 5.2 35
0.6 5.9 53

(a) without steel fibers (b) with steel fibers
Figure (4) Mode of failure by splitting tensile strength (a) without steel fibers (b)with steel fiber
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Figure (5), shows the relationship between splitting tensile strength and proportion fiber content where splitting
tensile strength significantly increases due to the increase in volume fraction of steel fibers. This is due to the
nature of binding effect of fiber available in concrete mix. From the figure it can be observed using steel fiber
adding with ratio (0.4-0.6) has significantly effect on increasing tensile strength of tested specimens.
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Figure (5) Effect of % steel fiber on the tensile strength of concrete

% Increased in tensile strength

Flexural strength

The tested specimens are concrete specimens (800x 800x100) mm. They are tested in 4 points of loading using
the hydraulic universal testing machine and the deflection of the mid span for the slab specimens is measured as
shown in figure (6).

Figure (6) Test of flexural strength experimental setup

Table (5) shows the results of the flexural test on concrete specimens with different steel fibers proportion. For
group 1 it is noticed that the amount of increasing in the flexural strength for specimens containing steel fiber as
a proportions of 0.4%, 5% and 0.6% are 10%, 15% and 20% respectively, while the increase are 12%, 37% and
40% for group 2 compared with conventional concrete.
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Table (5) flexural strength test results for specimens
Mix % Steel fiber of volume concrete Flexural strength % Increase in flexural
Group .
No. mix MPa strength
1 0.0 4.53 Reference
2 0.4 5 10%
Gl 3 0.5 5.2 15%
4 0.6 5.45 20%
5 0.0 451 Reference
G2 6 0.4 5.05 12%
7 0.5 6.2 37%
8 0.6 6.32 40%

Figure (7) shows the mode of failure of specimens with and without fiber. The reference specimen is suddenly
failed in a brittle mode and isolated into two parts, while steel fiber concrete specimens have many cracks before
the failure.

(a) Without steel fiber (' b) With steel fiber
Figure (7) Failure in flexural steel fiber concrete slab (a) without steel fiber( b) with steel fiber

Figure (8) shows that the flexural strength increases by increasing steel fiber content in the concrete. The
increases in flexural strength may be due to the good mechanical contact of end hook steel fibers at their surface
which leads to high bond strength between the fibers and the matrix specially at 0.6% steel fibers for two types
of concrete mixes. From the figure it can be observed that using higher fiber content has significantly effect on
increasing flexural strength of tested specimens more than lower fiber content.
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Figure (8) Effect of % steel fiber on flexure strength of concrete mixes
Figures (9) and (10) show that when increasing volume fraction of steel fibers, both load and deflection of two

group mixes .30 and f.. 40 are increased as well as the toughness. This indicates that steel fiber improves the
behavior of load-deflection curve and increases the toughness of concrete. From figures it can be observed that
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group 1 has deflection at maximum load more than group 2 for specimens containing steel fiber as a proportions
of 0.4%, 5% and 0.6%.
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Figure (9) Load deflection for different % steel fiber (concrete f..30 MPa)
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Figure (10) Load deflection for different % steel fiber ( concrete .40 MPa)

Abrasion Resistance
Abrasion resistance is carried out according to Egyptian standard (ES-269-2/2006) [19]. Table (6) shows the test
results of the thickness loss of each mix and the improvement in abrasion resistance for the two groups concrete
mixes.

Table ) 6 ) Abrasion resistance for two types of mixes

Group | Steel fiber % content | Abrasion (loss in thickness mm) | Increase in abrasion resistance (%)

0.0 1.75 Reference
0.4 153 14

61 0.5 1.35 29
0.6 1.34 31
0.0 1.79 Reference

G2 0.4 1.68 6
0.5 1.34 25
0.6 1.33 26

Figure (13) shows the effect of steel fibers volume fraction on the abrasion resistance of two concrete grades.
From the figure it can be observed using steel fiber adding with ratio (0.4-0.5) has significantly effect on
increasing abrasion resistance of tested specimens. When steel fibers are used with low content (0.4%), the
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increase in the abrasion resistance are 6% and 14% for G2 and G1 respectively compared with control mixes

without fibers .
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Figure (13) Effect of % steel fiber volume fraction on the abrasion resistance

Absorption

Absorption test is carried out in accordance with the Egyptian Standard, [ES-269-2 / 2006] [19]. Table (7)
shows the results of water absorption test, for group 1 with steel fibers percentage 0.4% 0.5% and 0.6%. The
absorption is reduced by 7%, 14% and 26% respectively compared with control specimen while for group 2 are

25%, 33% and 55% respectively compared with reference specimen.

Table (7 )The results of absorption for two grade mixes

Group | Steel fiber content of volume concrete % | % Absorption | % Decrease in absorption
0.0 1.19 Reference
04 111 7%
¢l 0.5 1.02 14%
0.6 0.85 26%
0.0 1.16 Reference
4 .87 25%
a2 0 0.8 5%
0.5 0.78 33%
0.6 0.52 55%

Figure (14) shows the effect of steel fibers volume fraction on the absorption resistance of two groups concrete
mixes. It was noted that increase in dosage of steel fibers decreases in absorption. From the figure it can be
observed using steel fiber adding with ratio (0.4-0.6) has significantly effect on increasing absorption of tested

specimens more than as adding steel fiber with ratio (0-0.4).
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Figure (14) Effect % steel fiber on the absorption of concrete mixes

V. CONCLUSIONS

According to the experimental results, where used (04%, 0.5% and 0.6%) steel fiber proportions of concrete

volume. The following conclusions can be drawn:
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1. Compressive strength of concrete increases with increase of steel fiber volume fraction by (6%, 12% and
17%) for f..30 MPa and (8%, 13% and 16%) for f.40 MPa, comparing with control mixes.
2. Workability decreased by (8%, 17% and 29%) for .30 MPa and (7%, 16% and 25%) for f.40 Mpa, with
increasing the fiber content comparing with control mixes.
3. Splitting tensile strength increases with increase of steel fiber volume fraction by (38%, 59% and 67%)
for £.30 MPa and (21%, 35% and 53%) for .40 MPa, comparing with control mixes.
4. The abrasion resistance enhanced directly with adding steel fiber volume fraction by (14%, 29%, and
31%) for £.30 and (6%, 25% and 26%) for f.40 comparing with control mixes.
5. Water absorption decreased with adding steel fibers volume fraction by (7%, 14% and 26%) for f.30,
and (25%, 33% and 55%) for .40, compared with control specimens.
6. Flexural strength increases with increase in fiber volume fraction by (10%, 15% and 20%) for f..30 and
(12%, 37%, 40%) f..40, compared with control specimens.
7. Adding steel fibers enhanced behavior of concrete slab by change its failure mode from sudden brittle
mode of failure into a more ductile.
8. The best amount of steel fibers is with volume fraction from (0.4% to 0.6%), enhances properties of
concrete in compressive strength, splitting tensile, flexural strength, abrasion and absorption.
9. Adding steel fibers increases maximum load and maximum deflection as well as increases the toughness.
10. From the experimental results it seems that upgrade from f.30 MPa to .40 Mpa has no significant effect
on compressive strength and abrasion when adding different value of SF to the concrete mix. On the other
hand, the effect of upgrading SF concrete from .30 to f.40 on enhancing tensile strength, flexural
strength and absorption.
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