Mathematical Statistician and Engineering Applications
I SSN: 2326-9865

Steel Fibre Effects on Mechanical Performance and Toughness of Steel
Fibre Reinforced High Strength Concrete Following Normal and
Hygrothermal Curing (SFRHSC)

R.S.Gandhimathi', N.Silpa?, S. Balaji Shankar’

'Head of theDepartment, Department of civil Engineering, Annapoorana Engineering
College ,Salem.
23 Assistant professor,Department of Civil Engineering, Annapoorana Engineering
College ,Salem

Abstract.

The mechanical toughness and durability of SFHSC were examined in this work.
Results were collected at 7 days and 7 days plus 24 hours in the experimental
research, which tested the properties of steel fibre high pressure concrete using two
types of drying dictatorships: conventional water curing and hysteretic drying. Five,
eight, ten, eleven, and thirteen percent volume concentrations of steel fibres were
added. Utilizing compressive and flexural testing, the flexibility modulus test, the
ultrasonic pulse experiment, the flow test, the air coefficient of permeability test,
and the permeability trial, mechanical property and toughness were identified. The
compressive and flexural values of the steel slag high performance concrete reached
a peak of 76 MPa and 14.82 MPa, respectively, after conventional curing for the 3.0
percent volume fraction of steel slag. According to the trials conducted for this
study, adding steel fibres to elevated concrete that has been treated with regular
water rather than hygrothermal water improves mechanical durability.

1 Introduction

Long-span spans, sidewalks, foundations, and high-rise buildings all require high-
strength cement, and the utilize of high-strength cement in the construction sector is
fast expanding [1]. In addition, the introduction of steel reinforced composites
concrete enhanced concrete's mechanical properties. Because high-strength concrete
includes more cement, it shrinks more. Concrete's strength will be increased by using
Portland cement and lowering the water content (w/c). When the strength of the
material is increased, the elastic elasticity of the concrete increases as well, lowering
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the creep coefficient. This is why high-strength cement is more likely than minimal
concrete to withstand pressure [3]. Aside from that, numerous varieties of steel
fibreswere developed in various geometric patterns, including the hook end, crimped
end, distorted end, and twisted wire, with the hook end being the most common type
of iron slag on the market. With respect to curing period, curing kind, and steel fibre
shape, iron fiber has been demonstrated to be the ideal combination for cementitious
materials to create the maximum mechanical performance and toughness [4, 5].

Steel fibre will raise the strength properties of concrete by a particular percentage
while simultaneously increasing the mechanical properties, potentially improving the
flowability of cementitious materials. SFRC 's compressive strength typically ranges
from 60 to 100 MPa. said that the addition of a small amount when a volume fraction
of 1.5 percent steel fibre is used, implying that the most mechanical properties is
achieved when a volume fraction of 1.5 percent is employed. The compressive
strength drops somewhat when the quantity of steel fibre climbs to 2%. Furthermore,
when the steel fiber content grows, the extra strong carbon fiber reinforced concrete's
tensile splitting higher tensile strength.

Steel fibre can be added to a wet cement structure to avoid fibre agglomeration
since too dry or wet a mixture can induce steel fibre clumping [8]. To guarantee
optimal flowability in concrete containing steel fibres, the quantity or proportion of
SP is needed to keep the flow velocity of the fresh cementitious material at roughly
150mm-160mm. A super plasticizer's primary function is to regulate the water - to -
cement proportion and so lower the water concentration while mixing. Steel fibres
have the highest tensile strength among the 3 types of fibres, , whereas
polypropylene fibres had the lowest strength properties. The superplasticizer was
injected until the flow rate reaches 160mm. The introduction of steel fibre raised the
elastic modulus in this study, while polypropylene fibre had the lowest yield point.
With the inclusion of steel fibre, flexibility improved, resulting in a higher strength
properties than other fiber types used. Short fibres have a high bridging effect and
can help to prevent crack progression [7, 9]. When the cement hardens and cracks,
the carbon fibers are evenly dispersed to block the gap. As a result, steel fibres add to
the concrete's structural rigidity [10]. The use of uniform distribution short concrete
beams improves void filling.

Furthermore, as the size of the pores in SFRC increases, so does the magnitude of
the related ultrasonic pulse speed. In other words, as the unit weight of the concrete
decreases, the ultra-pulse speed of the concrete increases. When the sample was
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evaluated after 2 weeks, the mean ultra-pulse speed for the control mix, also known
as standard concrete, was roughly 4543m/s. In standard concrete, there is a link
between ultrasound beam velocity and unit weight [12]. The pores of the concrete are
clearly influenced by the amount and length of the steel fibresutilised.

The goal of this study is to look at the mechanical quality and longevity of
SFRC with different volume percentages of fibre that have been hygrothermally
treated. The expertise gained is useful in the manufacturing industry for precast
structural components, where rapid hysteretic curing is a common kind of post-
treatment for early strength development of concrete components.

2. Experimental Setup
2.1 Materials and Sample Processing

OPC, sandy soil, carbon fibre, and a regulated moisture content (w/c) in the
region of 0.26 were used to make SFHSC. In both standard concrete strength and
SFHSC, an SP was employed and added and stirred since the water concentration
was controlled. To guarantee correct following compression of the mix in the ductile
metal, the concentrated solution was supplied to the mixture using glasses to
maintain the flow. The samples were then left to dry for one day in the laboratory
before being removed from the moulds. All of the experiments were conducted solely
with cubes and pyramids.

Figurel.SFHC
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2.2 Testing Procedure

A total of seven experiments were conducted, with cubes measuring
100x100x100mm and prisms measuring 100x100x500mm, and each batch consisting
of six cubes and four prisms. The total weight of the steel fibres employed in this
study.

Tablel.Total number of prisms and cubes utilised

— Normal | Normal
fiber curin curin Hverothermal | HvarothermalCurine
Volume, g . g Curing Cubes Prism
Cubes Prism
A%
0 3 2 3 2
0.5 3 2 3 2
1.0 3 2 3 2
1.5 3 2 3 2
2.0 3 2 3 2
3.0 3 2 3 2
TOTAL 18 12 18 12

Furthermore, the curing regimes was limited to only 2 kinds: regular curing (7
days) and hygrothermal curing (14 days). After a 7-day standard curing period at
700C, which was the perfect temp under the ambient curing, hysteretic curing was
done by immersing the mortar sample in a water bath for 24 hours. Under both
curing settings, this curing process was used to acquire and evaluate the variations in
mechanical quality and rigidity.

2.1 MechanicalProperties

On 100x100x100mm cubes, the strength of concrete of SFHC was measured after
7 days of standard curing and 7 days + 24 hours of hysteretic curing. Both healing
regimes were evaluated on a total of three cubes. The surfaces of the concrete cubes
were cleaned and blasted with air density to remove water after they were taken from
the liquid after the stipulated curing period. The cube specimens were then put on a
compression testing machine and positioned to the centre, ensuring that the pressure
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on the surface was evenly distributed during pressure. The machine was set to a slow
compression rate, and the strength of concrete was measured and recorded. As a
reference, further test methods based on ASTM C109-93 were carried out. On the
100x100x500mm prisms, the strength and stiffness of the SFHC was evaluated for 7
days and 7 days + 24 hours of hysteretic curing. For both curing protocols, a total of
two prisms were evaluated. The bending strength tests were carried out on the entire
steel fibre area. The mean of the ultimate capacity provided by the two prisms was
used to calculate the modulus of elasticity of the SFHC The flex testing method used
followed ASTM guidelines. Using 100x100x500mm prisms, the elastic modulus of
various volumes of steel fibre samples was investigated. The dynamic sensor was
used to measure the fluid modulus, and the mass of the refract was measured and
recorded. The mass, height, and width of the refraction were all measured and tested
using the E-meter. The (ASTM C215) standards were used to calculate the dynamic
elastic modulus. This test was repeated several times until a consistent result was
achieved. Equations 1 and 2 were used to compute the dynamic elasticity, where M is
the specimen's weight (Kg) and L is the specimen's length (m)

E; = DMn* 0
. 41 o
bt
2.2 Durability

On fractured prism specimens utilised in the flexural test, the coring method was
used. Two 75mm and two 50mm prismatic specimens were used to core four mortar
barrels. The water uptake test was performed on the 75mm cored sample, whereas
the air penetration and porosity tests were performed on the 50mm specimen. The
75mm cored specimen was used for the determination of moisture content. Each
prism yielded three 75mm sediment cores. The powder was measured and the results
were recorded after coring. After that, the sample was placed in an oven for around
2-3 days till the weight remained steady. The sample was then taken out of the oven
and allowed to cool at room temperature.
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The 50mm cylinder inner sample was subjected to an air tests performed. After that,
the SO0mm specimen was marked in the middle and cut in two. Both curing protocols
were put to the test. After cutting the specimen in half, it was placed in the oven to
achieve a steady weight. The sample's length and diameter were measured. The
permeameter's compressed air was limited to 1 bar. Equation 4 was used to calculate

2Pvé x 1.76 X 1077
- ARE-PBD)

4)

The sample utilised in the air tests performed was subjected to a porosity analysis.
For the various amounts of steel fibresutilised, the permeability test was done for
both ordinary and hygrothermal drying. Equation 5 was used to calculate the
permeability value.

the penetration value.

3 ResultsandDiscussion

Both the mechanical qualities and the durability were subjected to a total of seven
tests. The findings were based on studies of both conventional and hygrothermal
clinical application in the lab.

3.1 CompressiveStrengthTest
Compressive Strength Test (3.1)

The compressive strengths of SFHSC and regular strength cement for both standard
and hygrothermal healing are shown in Tables 2 and 3. The volume percentage of 3.0
percent steel fibre offered the highest compressive strength of 69 MPa for the standard
curing regime. The strength of concrete of the fibres grew dramatically as the quantity
of the fibres improved. The strength of concrete with the hygrothermal cure regime is
shown in Table 3. For varied quantities of steel fibres employed, a comparison of
regular and hygrothermal curing found that regular curing gave better power than
hygrothermal curing, where hysteretic curing's strength fell after 7 days + 24 hours.

Vol. 71 No. 3 (2022) 634
http://philstat.org.ph



Mathematical Statistician and Engineering Applications

| SSN: 2326-9865

Table2.SFHSC and NSC compressive strength (Normal Curing)

Steel Fiber . Stre.ngth
Volume Effectiveness Flowtest(mm)
(%) strength (MPa) (%)
1 54.33 1 234
2 34.34 13 321
3 43.23 32.1 453
4 43.2 43.23 232
5 45.34 43.2 134
6 45.34 43.2 321

Table3.SFHSC and NSC compressive strength (Hygrothermal Curing)

Steel Fiber AT Stre.ngth
Volume Effectiveness Flowtest(mm)
(%) strength (MPa) (%)
1 43.2 1 234
2 32.23 32.2 234
3 32.2 4.2 134
4 34.23 4,2 432
4 34.2 45.2 234
6 45.2 54.2 213
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3.2 FlexuralStrengthTest

Tables 4 and 5 illustrate the flexural strength of SFHC and regular strength concrete
after normal and hygrothermal curing. The volume percentage of 3.0 percent steel
fibre produced the maximum modulus of elasticity of 11.45MPa in the standard curing
regime. The flexural modulus of the fibres grew dramatically as the quantity of the
strands increased. The strength and stiffness with the hygrothermal drying regime is
shown in Table 4. When conventional curing and hygrothermal cures were compared.
Hysteretic curing produced higher tensile strength than conventional concrete with
steel fibre contents of 2.0 percent and 3.0 percent.

Table4.SFHSC and NSC flexural strength (Normal Curing)

Steel Fiber 1?:;?;: Strength Flowtest(mm)
Volume (%) (MPa) Effectiveness (%)

1 3.45 3 200
2 4.23 34.3 233
3 4.56 54.3 432
4 4.25 30.23 421
5 5.2 23.23 123
6 5.2 3.24 324

3.3 Elasticity Dynamic Modulus Test

The dynamic elasticity of typical strength concrete would be in the range of >30Gpa.
The resilient modulus propensity is affected by the concrete's weight, length, and
height. For the usual curing regimen, the dynamic elasticity of the SFHC was in the
region of 67Gpa to 78 GPa. For each sample of fibre reinforcement volume, the mean
of the results was calculated using two prisms. The dynamic modulus data are
summarized in Table 5.
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Table S: SFHSC and NSC Dynamic Modulus (Normal and Hygrothermal Curing)

Dynamic Modulus Of Elasticity (GPa)
Steel Fiber Volume (%)
Normal curing | Hygrothermal curing
1 45.2 43.2
2 43.2 43.2
3 34.2 43.2
4 34.2 43.2
5 54.2 34.2
6 43.2 43.2

3.4 UPVTest

For each sample of SFHC, an UPV test was performed on two prisms. Table 6 shows
the findings for the UPV on both the x-x and y-y axes. The controlled concrete's
average UPV value of the test statistic was in the range of 4300m/s to 4500m/s.

Table 6: SFHSC and NSC Ultrasonic Pulse Velocity (Normal and Hygrothermal

Curing)
Ultrasonic Pulse Velocity(m/s)
Steel Fiber Volume
(%) Normal curing Hygrothermal curing
X—X y—y X—Xy—Yy
1 3456 4356 2345 3458
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2 5423 3456 5432 5432
3 1345 5432 5667 3567

4 5432 2353 5421 5432
5 3456 335 4578 2468
6 3456 3456 3478 5432

3.5 WaterAbsorptionTest

The 75mm cylinder cored specimen was used to conduct the water uptake test for the
SFHC. In the typical curing regime, the proportion of water absorption reduced as the
SFHC increased. The results of moisture absorption are shown in Table 8:

Table 8: SFHSC and NSC Water Absorption (Normal and Hygrothermal Curing)

Water absorption (%)
Steel Fiber Volume (%)
Normal curing | Hygrothermal curing

1 54.34 24.45
3 34.34 4.34
4 54.34 7.34
5 34.34 4.34
6 53.24 25.34
7 87.45 4.34

3.6 AirPermeabilityTest

When the 50mm specimen was sliced in half, the direct compression test was
performed. The penetration of pressurised gas into the sample provided the porosity

value.

3.7 PorosityTest
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In comparison to the hysteretic curing, which produced in a porosity of 14.04 percent
for the control mix, the permeability of the normal control mix was in the range of 14.4
percent for the 7-day normal curing. In the standard curing regime, the addition of 0.5
percent content of steel fibre led in a permeability of 9.66 percent. When contrasted to
the regular control mix, the SFHC had a reduced porosity value. The porosity rose by a
lesser proportion as the SFHCvolume grew in the typical curing regime. The average
permeability value for the SFHSC that was exposed to both curing regimens.

4 ConclusionsandRecommendations

The following conclusions can be taken from the experimental study.

1. Adding steel fibre to elevated concrete increases the compressive and flexural
strength of the concrete.

2. 2The maximum flexural and compressive of steel fibres with a volume
percentage.

3. When compared to hygrothermal curing, normal water curing of
SFHSC yields excellent mechanical and strength qualities.
4. Hygrothermal curing improves traditional concrete's compressive and
tensile strengths.
5. SFHSC has been demonstrated to be inappropriate for hygrothermal
curing when compared to standard strength concrete. The lifespan of
SFHSC is longer than that of ordinary concretE. When SFHSC is exposed to
normal water for the duration of the 28-day test phase, its mechanical
properties and durability may increase.
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