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Abstract Concrete is weak in tension and strong in
compression which results in brittle failure. This is
obviously unacceptable for any construction materials.
Thus, concrete requires some type of tensile reinforcement
to balance its brittle behavior and improves its tensile
strength. Adding of fibers is one of the most prevalent
techniques to enhance the tensile behavior of concrete.
Fiber slows cracking phenomena and increases energy
absorption capacity of the structure. Majority researchers
focus on mechanical performance of fiber reinforced
concrete. In this research, the influence of various dosages
of steel fibers (0%, 1.0%, 2.0%, 3.0%, and 4.0% by weight
of cement) is investigated on the mechanical and durability
properties of concrete. Mechanical properties such as
compressive strength and split tensile strength are studied
at 7- and 28-days curing. To evaluate the durability aspects
of each mix, various parameters such as water absorption,
acid attack resistance, and permeability are investigated.
Results indicate that strength was increased up to 2%
addition of steel fiber and then reduced gradually. It also
indicates that, durability parameter of concrete for example
water absorption, permeability, and acid attack resistance
considerably improved with incorporation of steel fibers at
2.0% incorporation of steel fibers. Therefore, it is
recommended to mix steel fibers up 2.0% by weight of
cement to achieved maximum benefits.

Keywords Steel Fibers Reinforced Concrete,
Compressive Strength, Split Tensile Strength, Water

Absorption, Permeability, Acid Resistant

1. Introduction

In construction industries, concrete is highest used
material for its high compressive strength. But concrete has
very low tensile capacity which results in abrupt failure in
concrete structure. Different types of fiber are used in
concrete to increase the tensile capacity of concrete under
tension loading. Majority Steel fiber reinforced concrete
has the capability of brilliant shock resistance, ductility,
flexural strength, tensile strength, Crack arrest & fatigue
resistance.

In 1910, Porter first recommended the use of steel fibers
in concrete [1]. The first research on reinforced fiber
concrete in the US was performed in 1963 [2]. A general
observation is that thin fibers are more impressive in
reducing the width of plastic shrinkage cracks than thick
fibers as reported in ACI 544.5R-10 [3]. The positive
significance of steel fibers in concrete depends on many
factors such as shape, length, type, strength cross section,
mix design, matrix strength fiber content, & steel fiber
bond strength [4]. Between these high-performing
concretes, for the benefits of low cost, easy fabrication,
performance improvements, steel fiber-reinforced concrete
is used extensively for engineering purpose [5, 6].
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However, the study showed that uneven incorporation of
steel fiber would affect the fluidity and uniformity of
concrete mixing and even result in fiber bonding, which
eventually affects the reinforcement effect of mechanical
properties” [7-9].”

Steel fibers efficiently increase the load carrying
capability of slab & also allows the structure to behave
more flexible. steel fibers more than 0.38% marginally
enhance the ultimate load and also improve the slab
flexibility [10]. Research displayed that unequal adding of
SFs will affect the concrete uniformity and fluidity in
mixing & even bonding of fiber, which ultimately
influence mechanical performances [11]. steel fibers
significantly improve in early as well as long term
compressive strength of concrete [12—16] . Steel fibers
behave as crack stoppers and not as cracks prevention.
Steel fibers are known to enhance tensile capacity of
post-cracking behavior [17].Steel fibers have displayed
more significant effects on flexural tensile strength [18].
Experiments results indicate that increase in fiber quantity
will result to improve ductility, toughness, & strength [16,
19] . Modulus of elasticity of fiber concrete raises with
increase in the fiber quantity [20]. Adding of SFs in
concrete not only raise the strength but also the ductility
[13].They realized that fiber increased the peak pull-out
load [21].SFs can enhance the tensile strength of concrete
to almost 40% [22]. Moreover, the use of fibers helps in
reducing the bleeding and permeability of concrete [23—
26].-

-A brief overview of existing literature shows that a very
scarce number of studies investigated durability of steel
fibers reinforced concrete. [27] Investigated the
mechanical performance of fiber reinforced concrete in
Pakistan. They have reported the positive influence of SFs
on mechanical performance. Further research was
recommended [27], to study the durability of SFs
reinforced concrete. Therefore, the present study evaluates
durability aspects of steel fibers reinforced concrete. Steel
fibers were added in proportion 0%, 1%, 2%, 3% and 4%
by weight of cement. Test results suggest that performance
of concrete considerably improved with incorporation of
steel fibers.

2. Experimental Program

2.1. Materials

2.1.1. Cement

Ordinary Portland cement (OPC) type-1 in accordance
with American Standard of Testing Materials ASTM C150
[28] was used in the making of concrete mixes. Its
chemical and physical properties are displayed in Table 2.
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Table 1. Physical and Chemical Property of OPC
Chemical Percentage Physical
Property (%) Property Results
Ca0 63.7 Size <75u
Si02 24.9 Fineness 91%
A203 6.4 Normal 29%
Consistency
Fe203 37 Initial 33min
Stetting Time
Final .
MgO 4.5 Stetting Time 411min
SO3 0.9 Specific surface 322 m%/kg
K20 1.4 Soundness 0.60%
28-days
Na20 1.2 compressive 42Mpa
Strength

2.1.2. Steel fibers (SFs)

Straight steel fibers were obtained by cutting binding
wire into 35 mm long length. Its properties are given in
table 2.

Table 2. Physical Property of Steel Fibers

Physical Property Results
Length 35mm
Diameter 0.55mm

Aspect ratio (L/d) 64

Tensile Strength 1345Mpa
Mol 200GPa

2.1.3. Aggregate

Natural sand was used as a FA (fine aggregate) in all
the mixes in SSD (saturated surface dry) condition which
was obtained from local market Risalpur Pakistan. Physical
properties of fine were given in the Table 3.Normal weight
coarse aggregate (crush stone) with nominal maximum
size 25mm was used as aggregate in all the mixes in SSD
(saturated surface dry) condition which was obtained from
local market Risalpur Pakistan. Different tests were
conducted to evaluates its physical properties. Its Physical
properties were given in Table 3.

Table 3. Physical Property of Fine and Coarse Aggregate

Physical Property Fine aggregate Ag;:ler;te
Particle Size 4.75mm to 0.075mm  25mm to 4.75
Fineness Modulus 2.73 5.7
Absorption Capacity 4.28% 2.18%
Moisture Content 2.8% 0.45%
B“(lll(‘g‘jzgjity 1626 1560
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2.2. Constant Parameter

Quantity and cement type, quantity and type of
aggregates, Water cement ratio and Mix design will be kept
constant throughout the study.

2.3. Variable Parameter

The dose of steel fiber is the variable element in all
Mixes, starting from 0% to 4% by weight of cement.

2.4. Super Plasticizer

Chemrite-530 was used as super plasticizer because it is
high range water reducing admixture and non-toxic and
non-hazardous under relevant health and safety issue.
Chemrite-530 is a very capable super plasticizer with a set
retarding effect for production of free-flowing concrete in
hot climate. The super plasticizer meets the requirements
of EN 934-2 T 3.1/3 [29]. and ASTM C-494 Type F [30].
Typical properties of the super plasticizer are given as
under Table 4.

Table 4. Physical Property of Superplasticizer

Property Result
Color Brown
Relative density 1.48 at 25°C
Chloride content <0.1%
Physical state Liquid
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2.5. Tests and Size of Specimen

ASTM C39/C39M [31]Cylinder of standard size
(6x12in) will be used to measure the compressive strength
at 7 days & 28 days. Similar cylinders of standard size (12
x18in) will be cast & tested to find their tensile strength as
per ASTM standard [32].Three specimens are tested for
each test at 7&28 days and the mean value of the specimens
is considered as strength. For durability assessment, as per
ASTM C642 [33], 50mm thick and 100mmdiameter discs
are casted for water absorption test. A circular truncated
cone of size @175 x 150 x ®185mm are used to find
permeability resistance as per E30-2005 JTJ [34]. For acid
resistant, A 100mm cubical specimen of varying NFs mix
was cured in 4% acid (H2SO4) solution for 7 14 and 28
days. Acid solution was changing every week to maintain
4% concertation. The acid attacks were measured in terms
of mass loss (%) due to sulfuric acid (H2SO4) attacks.

2.6. Sample Preparation Method

ASTM C-31[35] method was followed for the
preparation of the specimens and compaction was done
manually by Roding in three layers having 25 blows per
layer. A total of 60 samples having a standard size will be
cast & then will be tested. To study the effect of SF (steel
fiber) on the behavior of hardened and fresh concrete, five
mixes are prepared. Details of the mixes are provided in
the following table 5.

Table 5. Quantification of Materials

. . Split Water Acid Attack Permeability
. SFs Super plasticizer Compressive . . . .
Mix (Kg) (ke) Strenath Tensile Absorption Resistance Resistance
£ £ g Strength Test Test Test
SF-0% 0.0 425 343 343 34343 34343 3
SF-1% 425 425 3+3 343 34343 34343 3
SF-2% 8.5 425 343 343 34343 34343 3
SF-3% 1275 425 3+3 343 34343 34343 3
SF-4% 17 425 3+3 343 34343 34343 3
No of Samples 30 30 90 90 15

Total No of sample = 255
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3. Results and Discussion

3.1. Harden Property

3.1.1. Compressive Strength

Compressive strength is the measure of greatest
compressive loading that concrete can withstand. The
compressive strength test is performed under the standard
procedure of ASTM as ASTM C39/C39M [31] for
cylindrical samples having standard dimensions as 150mm
diameter and 300mm length as shown in Figure 1 at the
ages of 7 and 28 days.

Based on experimental test outcomes compressive
strength increased as the percentage of steel fiber raised up
to 2% and then decreased as displayed in Figure 2. After 28
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days of curing, highest compressive strength was obtained
at 2% dosage of steel fiber which was 25% higher than
from reference concrete. However, beyond 2% dosage the
strength was reduced.

The positive effect on compressive strength is due to the
confinement of the fiber reinforcement on the specimen.
Compression produces an expansion laterally and with it, a
tension and shear. The tension and shear are resisted by the
fibers. Therefore, compression is increased. When % of
fibers is high this confinement can reduce transversal
deformation of specimen and increase its compressive
strength. When increasing the steel fiber percent specially
of higher dosage the process of compaction will be difficult
and then the compressive strength will be reduced. The
finding is in the line as per previous studies [12—16].

Figure 1. Casting and Setup for Compressive Strength
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Figure 2. Compressive Strength Results
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3.1.2. Split Tensile Strength

Tensile strength for concrete samples is called the tensile stresses generated due to applying compressive load at which
the concrete sample may fail. According to ASTM C496-71[32], split cylinder test was carried out on cylindrical
specimens of 150 mm diameter and 300 mm height as shown in Figure 3 at the ages of 7 and 28 days.

AN
"""‘r. '..#..‘

Figure 3. Setup for Split Tensile Strength
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Figure 4. Split Tensile Strength Results
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Based on experimental test results split tensile strength
increased as the percentage of steel fiber raised up to 2%
and then decreased as displayed in Figure 4. As per
previous study [17], Steel fibers (SFs) behave as crack
stoppers and not as cracks prevention. Steel fibers are
known to enhance tensile capacity of post-cracking
behavior. After 28 days of curing, highest split tensile
strength was obtained at 2% dosage of steel fiber which
was 43% higher than from reference concrete. However,
beyond 2% dosage the strength was reduced. Steel fibers
are mixed in concrete to increase the flexibility of concrete
by halting the onset of tension cracks or preventing the
generation of cracks in such manner that tensile strength of
(SFRC) steel fiber reinforced concrete displays better
conduct than normal concrete. It can be also concluded that
SFs more positively tensile strength than compressive
strength [18]. The following equation can be used to
predict split tensile strength from compressive strength of
concrete.

fsp= 0.53x./fc 1)

Where fc (MPa) is compressive strength and f;, (MPa) is
split tensile strength of cylindrical sample.

Comparison of predicted values with experimental
tensile strength values using ACI-318.11 codes is
displayed in Figure 5. Equations (1) can be used to predict
values of split tensile strength which uses compressive
strength. It is noticed that all empirical values locate well
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within the anticipated values using ACI-318.11 codes.
Regression models between split tensile strength &
experimental values of compressive strength are displayed
in Figure 5. A strong correlation exists (R2 > 0.90) between
both strength parameters.

3.2. Durability

3.2.1. Water absorption

Water absorption is indirect measurement of concrete
durability. Mostly harmful chemicals are present in water.
These chemicals react with concrete constituents, which
changes the properties of concrete. Extra water present in
the pore of concrete as results freeze and thaw effect
because of change in temperature, which results crack of
concrete. Therefore, water absorption test was conducted
on 7, 14 and 28 days with varying proportion of SFs. Water
absorption test results were displayed in Figure 5. A
general trend indicates that water absorption capacity of
fibers concrete decreased as the percentage of SFs
increased. Elastic modules of normal concrete are lower
than fibers reinforced concrete. So, addition of SFs would
lead to increased tensile properties of concrete and as a
result it would restrict the formation and development of
initials cracks [36]. In other words, density of concrete is
increased which would lead to water absorption of concrete
decreased.
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3 ———Linear( 28 days )

w29 +
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<28
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Figure 5. Co Relation Between Compressive Strength and Predicted Split Tensile Strength
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3.2.2. Acid resistance

Although there are various aggressive acids, such as hydrochloric acids, nitric acids, sulfuric acids (H2S04) and acetic
acids. In this study, H2SO4 was taken as a acid strike, on concrete sample with various ratios of SFs. The test results of
acid resistance are shown in terms of mass loss due to sulfuric acid attack of the specimens after 7, 14 and 28 days for each
blend as shown in Figure 6. It can be noted that weight loss due to sulfuric acid considerably decreases with addition of
fibers. It is due to fact that addition of SFs effectively restricts the development and formation of initial cracks and
decreases porosity of the concrete [36], which avert fast penetration of sulfuric acid. Erosion of concrete is basically
dissolution of calcium aluminate and calcium hydroxide due to sulfuric acid [37-39]. Erosion speed will largely depend
on sulfuric acid penetration rate into the concrete body and to reach calcium hydroxide and calcium aluminate. So,
improvement in the porosity of concrete results increased in density of concrete due to addition of steel fibers. The raise in

Figure 5. Water Absorption
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%

Figure 7. Permeability Permeation Depth

3.2.3. Permeability

Circular truncated cone specimens were used for the
permeability resistance test. The dimensions of the cone
were @175 x 150 x @185 mm [34]. As well know that
concrete is a porous material [40, 41]. To characterize
concrete durability, Permeability is considered as a
fundamental material property as it determines the
penetration rate of aggressive materials which are
responsible for degradation of concrete [40].

Outcomes of permeability test were shown in Figure 7.
A general trend demonstrate that permeation depth decreed
as the percentage of steel fibers increased. Minimum
permeation was obtained at control mix while maximum
permeation depth was obtained at 4% of steel fiber (by
weight of cement) 6 mm which is about 72% lower than
control mix. It is due to fact that elastic modulus of steel
fibers reinforced is much greater than that of normal
concrete. Therefore, the tensile capacity of concrete
increased as the percentage of steel fibers increased. This
would effectively restrict initial cracks development and
formation, and the porosity of the concrete could be
reduced, which would be beneficial to improving the
permeability resistance of concrete [36].

4. Conclusions

Based on experiment tests, following conclusion has
been drawn.

*  Strength was raised up to 2% dosage of steel fiber and
beyond 2% steel fiber strength was gradually
decreased. However, beyond 2% dosage the strength
was reduced but higher than from the reference
concrete for all mix. It was due to the confinement of

the fiber reinforcement on the specimen. When % of
fibers is high this confinement can reduce transversal
deformation of specimen and increase its compressive
strength. However, at higher dosage compaction
comes to be more difficult which results porous
concrete and hence strength was reduced.
Durability such as water absorption, acid resistant and
permeability considerably improved with SFs. It is
due to fact that Steel fibers (SFs) behave as crack
stoppers. This would effectively restrict initial cracks
development and formation, and the porosity of the
concrete could be reduced. Therefore, durability
aspects (water absorption, acid resistant, permeability)
improved.
*  From this study we can recognize that addition of SFs
has enormously raised the strength as well as
durability of concrete.
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