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Abstract:
Aims:

The aim of this study is to check the effectiveness of steel fiber on the compressive strength of concrete.

Background:

Fibers have long been used as building materials to improve the ductility, tensile, compressive, and flexural strengths of concrete. Although fibers
have been known as an effective reinforcement material for concrete structures, it is also acknowledged to be a suitable alternative to reinforcement
steel bars.

Objective:

The objective of this research is to investigate some engineering properties, the compressive behavior of steel fiber reinforced concrete (SFRC),
and the effect of elevated temperatures of up to 1000°C on concrete.

Methods:

Various tests which included the slump test, compressive strength test, as well as heating tests were done. The workability (slump) and thermal
effects of M20 SFRC were evaluated.

Results:

Based on the results obtained, it could be observed that the workability of the M20 concrete reduced with the increase in steel fiber (SF) content
from 0% to 1.6% as values obtained were 80mm, 73mm, 67mm, 61mm and 55mm for SF contents of 0%, 0.4%, 0.8%, 1.2%, and 1.6%
respectively. These values showed medium workability of the concrete according to ASTM C-143/C-143 M-03. Also, the addition of SF to plain
M20 concrete greatly improved the compressive strength (f,) with the concrete strength at 26.89N/mm2, 30.41N/mm?2, 32.85N/mm2, 35.90N/mm?2
and 39.66N/mm?2 after 28 days of curing for steel fiber contents of 0%, 0.4%, 0.8%, 1.2%, and 1.6% respectively. The f c after heating the
concrete mix to 1,000°C showed improved thermal resistance with 4.2N/mm2, 8.23N/mm2, 11.63N/mm2, 15.60N/mm?2 and 17.20N/mm?2 for SF
contents of 0%, 0.4%, 0.8%, 1.2% and 1.6% respectively.

Conclusion:

The incorporation of steel fibers in the concrete mix decreased the workability of SFRC but increased its compressive strength and balling
tendencies.

Keywords: Steel fiber reinforced concrete, Heating test, Compressive strength of concrete, Concrete temperature, Concrete workability, Slump
test.
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1. INTRODUCTION ties, and efficiently usable construction material with a wide

In the 21* century, concrete is seen as one of the most range of structural/ construction applications. However, being a
versatile, durable, with good thermal and mechanical proper- quasi-brittle material is a significant demerit, when the strength

of the material is intensified, its brittleness increases [1]. In
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severe loading conditions [1 - 3]. Furthermore, current modern
construction works demand concrete with a combination of
qualities and properties such as higher strength, higher
durability, toughness, and excellent thermal properties [1, 4, 5].
In addition, recent improvements in modern concrete, high-
strength concrete (HSC), and fiber-reinforced concrete (FRC),
offer some outstanding properties [4, 5].

Concrete possesses some impressive features which
include excellent compressive strength (f,), durability,
affordability, and easily available subcomponents. The use of
fibers in reinforcing brittle concrete materials is dated back to
the civilization time of the Egyptian and Babylonian even
before cement was invented [6]. Fiber-reinforced concrete
(FRC) is concrete that consists of cement mortar and randomly
oriented, discontinuous, uniform fibers [7]. The addition of
Steel fiber (SF) in concrete as concrete reinforcement
minimizes the brittleness and tensile capacity of concrete [8].

Multiple studies done earlier to improve the mechanical
properties of concrete by combining different types of fibers [9
- 18] into its structure, healed cracks and increased the ductility
of concrete elements [19]. Many research groups have studied
and proven the properties of various composites produced by
fiber insertion, including cement-based materials reinforced
with  agro-industrial residuals, recycled polyethylene
terephthalate, vegetal, glass, basalt fibers (BF), and SF [20 -
26]. Moreover, the addition of fibers to a concrete matrix
improved its durability by exhibiting pseudo-ductile behavior
(residual strength against the applied force after cracking) [27].
The performance of fibers for concrete reinforcement depends
on their parameters such as aspect ratio (AR), volume fraction,
size distribution, and shape [28]. Concrete is in very high
demand due to these remarkable features. Concrete ensures a
strong, reliable, and durable structure [29]. Steel fibers
reinforced concrete (SFRC) behavior can be classified into
three groups, namely, fiber volume, percentage, and fiber
effectiveness [30].

SF has four major features which affect its properties. The
features are types including shape, volume fraction, aspect ratio
(the ratio of length to the diameter of the SF), and orientation
of fibers in the matrix. Recently, these parameters have been
studied to optimize them and improve the quality of the SF
[31]. Studies on other fibers show that they retain their
sustainability under high temperatures [32].

Many researchers have been able to discover that adding
SF to a concrete mixture improves its f, This increase can
either be marginal or significant increases in f. Fibers can
affect the f, of concrete which is based on two stabilizing
actions according to the study [33, 34]. Firstly, the large
number of pore spaces in the concrete admixture reduces its f,
nd secondly, when the fiber bridges micro-cracks, it causes an
increase in the f. Hence, how SF affects the f, depends on the
concrete mix, the type and quantity of SF, and the
manufacturing process. Adding up to 1.5% of SF by the
volume of concrete increases its f, from 0 to 15%.

One of the factors affecting concrete properties is increased
temperatures [35, 36]. Temperature affects the f, of concrete
negatively and leads to cracking and spalling in concrete.
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Temperature is also one of the main factors that reduce load
bearing capacity of concrete, cement paste, and aggregate
bonding strength and leads to the gradual destruction of its gel
structure [37, 38]. Multiple studies of the mechanical properties
of SFRC exposed to high temperatures have been performed
[39 - 42]; the strength reduction and surface cracking pheno-
mena observed for various fiber-reinforced concrete have been
described [43].

However, the research on concrete deterioration at high
temperatures represents a challenging task because of the
different properties of its structure [44]. The strength of
concrete and the modulus of elasticity (E) is reduced due to the
negative effects of increased temperature on the microstructure
(thermochemical decomposition and excessive microcracking)
and the macrostructure (abrasion and chipping). Furthermore,
due to the loss of water by hydrated silicate species, the
strength of cement paste decreases after heating to
temperatures above 300°C. (the process is accelerated in the
temperature region between 500 and 600°C because of the
calcium hydroxide dehydration). As a result, the cement starts
shrinking [45], and the strength reduction of the cement is
relatively insignificant for temperatures below 200°C, in the
region from 200°C to 300°C, the weakening of the van der
Waals force between various C—S—H layers occurs because of
the water evaporation (both these factors contribute to the loss
of concrete strength) [45, 47]. In the temperature region from
300°C to 600°C, the corresponding reduction in strength
amounts to 50%-90%. Between 600°C and 900°C, the related
strength reduction becomes equal to 90% [45, 46, 48]. At
temperatures above 1000 °C, its residual strength is reduced to
zero [45]. Nevertheless, after the elevation of temperatures
above 600°C, the structural resistance of concrete becomes
zero [49]. At a temperature of 500°C, the concrete suffers a
55%—70% loss of its initial strength [50].

Some high-temperate nations have high temperatures up to
55°C therefore concrete structures in such countries are
exposed to such high temperatures which expose the structure
to the risk of failure ranging from degradation, cracks, efc.
Although, when concrete structures are exposed to fire
outbreaks, high temperatures, or more heat production
activities pose a high risk, hence the experimental research
conducted by this paper exposes the concrete to a temperature
as high as 1000°C.

Concrete structures become more brittle when exposed to
high temperatures. High temperatures can arise in structures
because of fire outbreaks in or within the structure, and
excessive heat from machinery which is generated from the
emission, vibration, and friction from the machines. The above
problems which occurrin concrete structures expose the
structure to loss of strength. Therefore, the objective of this
research is to solve these problems and investigate the effect of
dispersed SF in concrete when exposed to high temperatures.
The fire resistance and post-heat exposure behavior of
structural members depend on the thermal and mechanical
properties of the materials composing these members. f, is one
of the major properties which play an essential role in the
structural behavior of reinforced concrete members both before
and after high-temperature exposure.
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Naturally, concrete has brittle properties, even more, brittle
when exposed to high temperatures. High-temperate nations
tend to experience a high collapse of concrete structures
because of certain properties that must be strengthened. It has
become a necessity to strengthen the concrete to maintain its
sustainability and be less cost-effective, hence the reason for
the incorporation of steel fibre in the concrete mix.

This research investigates how temperature affects the
SFRC and its goal was to:

i Find a solution to concrete brittleness by incorporating SF
into the concrete mix.

ii Identify the workability of the SFRC.

iii Find a sustainable solution to the fast cracking and
degradation of concrete structures when exposed to elevated
temperatures.

iv Investigate the f, of the SFRC with an increment in
temperature.

To reach the objectives, solving and achieving the goals
mentioned above are of utmost importance.The experimental
work done in this research includes investigating and
evaluating the fresh and hardened properties of concrete for
both plain concrete and SFRC. Moreover, there will be a
comparison between SFRC and plain (control) concrete to
determine which of the two concrete types gives better overall
performance. Several tests including slump, f, and heating was
carried out and applied to determine the softness and hardness
of the properties of fiber-reinforced concrete (FRC). Most of
the research work done so far which has been published shows
that in the concrete mix, a water-reducing agent was used but
the use of water reducing agent is not a common practice in
Nigeria as most noncommercial or non-public structures were
constructed without any water reducing agent. The practice of
SF incorporation is not a common practice in Nigeria therefore,
it will be an eye-opener for the Nigerian environment.

The use of dispersed SF wires can be considered as a
solution to control cracking and increase the strength of
concrete. Since exposure to high temperatures causes different
changes in concrete which leads to the initiation and opening of
many cracks.

2. RESEARCH METHODOLOGY

In this research paper, compression tests on the SFRC and
plain concrete specimens as a control, 7 tests with normal
temperature, and the effect of elevated temperature on the f,
were conducted. Moreover, a slump test was done to check the
workability of the concrete paste. Tests and experiments are
conducted following BS (2019) EN 12350-2 [51], BS (2019)
EN 12390-2 [52], and BS (2019) EN 12390-3 [53]. To achieve
the objective of this research, the following materials were
used to produce the concrete mix series.

3. EXPERIMENTAL MATERIALS

3.1. Fine Aggregate

Quartz sand with fractions ranging from 0.6mm to 0.8mm

The Open Construction & Building Technology Journal, 2023, Volume 17 3

was used. The sand has a rounded part with a low content of
clay inclusions and inclusions of soft rocks. The moisture
content is up to 0.2% [54]. The quartz used in this experiment
was obtained from a construction company yard in Calabar,
Cross River State, Nigeria. The physical properties of quartz
sand are presented in Table 1. This type of sand is used in the
construction industry as fillers, they have high anti-erosion
ability, and they are used to make acid-resistant concrete and
mortar [55].

Table 1. Physical properties of quartz sand.

Physical Property Value
Grain size, [mm] 0.5-0.9
Bulk density (compacted), [kg/m’] 1427
Hardness (on the Mohs scale) 7.1
Crushability 0.4
Humidity, [%)] 1.6

3.2. Cement

Dangote 3X Portland Limestone Cement 42.5N. According
to BSI. 1978. BS 4550-3.4:1978 [56], from the information
provided, the properties of Dangote 3X Portland Limestone
Cement 42.

5 N are as follows: Portland-limestone cement with a
limestone content ranging from 6% to 20% by mass, a total
organic content (TOC) of no more than 0.50 percent by mass
(L), a strength class of 42.5, and an ordinary early strength.
The chemical and mineral compositions of Dangote 3X
Portland cement in percentages are illustrated in Table 2.

Table 2. Chemical and Mineral percentage composition of
Dangote 3X Portland cement in percentage (%).

Chemical Composition

Si0, | ALO; [Fe,0,| K,O [CaO[ MgO SO, Na,O

22 | 56 | 52 (058 64 ] 1.21 2.3 0.39
Mineral Percentage Composition

C,S C,S C,A C,AF Total Sum (%)

33.33 [26.47 14.33 4.77 78.9

3.3. Coarse Aggregate

Granite (Fig. 1) was used as the coarse aggregate for the
concrete mix with granite passing through 12.5mm sieves and
retained on a 10 mm sieve. This was to ensure that smaller
sizes of aggregates were used to prevent a reduction in
workability as larger sizes of coarse aggregates resulted in
reduced workability in fiber reinforced concretes. One of the
materials traditionally used in the construction of monuments is
Granite. This is because of its durable properties and its ability
to withstand extreme weather conditions [57]. Table 3 shows
the chemical composition of granite.

3.4. Steel Fiber (SF)

SF (Fig. 2) of low carbon wire of length 50 mm and
diameter of 1 mm were used. Table 4 shows the steel fiber
characteristics and specifications. The steel was purchased
from the company “Steel Fiber” located in Russia.
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Table 3. Chemical composition of granite.

Name Si0, ALO, K,0 Na,0 Ca0 FeO Fe,0, MgO TiO, P,0,
Percentage 72.04% 14.42% 4.12% 3.69% 1/82% 1.68% 1.22% 0.71% 0.30% 0.12%

Fig. (1). Granite for concrete coarse aggregate.

1V v 200 300 4 1 50 60

Fig. (2). Steel fiber.

Table 4. Specifications and characteristics of steel fiber [S8].

Specifications
Material Low carbon wire
Special coating Bronze, unplated
Geometry Anchor
Fiber length L =50 mm
Fiber diameter @ =1mm
Anchor length 4+3mm
Anchor bend height 3+2mm
Straight section length 38+4mm
Number of bends 4 things
Tensile strength from 1100 MPa
Dosage from 25 kg/m’
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Table 4) contd.....
Characteristics
p, g/em’ 0, um E, GPa f, MPa Elongation at break, %
7.8 200-1200 190-210 500-1500 3-4

Note: where p is the density; © is the diameter, E is the modulus of elasticity, f, is the tensile strength

3.5. Water

Pipe or portable drinking water is widely used in mixing
concrete. The water used for mixing and curing concrete must
be free from suspended particles, chemical substances, and
biological elements [58].

3.6. Experimental Procedures

In this study, the experimental tests were conducted on
5(five) different mixes of concrete comprising 0% SF (plain
concrete or control specimen), 0.4% SF, 0.8% SF, 1.2% SF and
1.6% SF by weight percentage (Table 5). The concrete mix
contained an SF of @1mm and a length of 50mm.

Table 5. Computed masses of concrete and SF used.

SF Contents (%)| Weight of Total Aggregate | Weight of SF in
Concrete Mix (Kg) Mix (Kg)
0% 27.5 0
0.4% 27.61 0.11
0.8% 27.72 0.22
1.2% 27.83 0.33
1.6% 27.94 0.44
Total 138.6 1.1

The following parameters were used for the various
experiments to prepare the concrete mix series:

e  Weight of cement: 25kg + Weight of fine aggregate
(sand): 37.5kg + Weight of coarse aggregate (Granite):
75kg = Total weight of aggregate: 137.5kg.

e  Using a water-cement ratio of 0.5, the total weight of
water for the entire concrete mix was 12.5kg, i.e., the
weight of cement x 0.5 = 12.5kg, with a volume of
12.5 liters.

e  Since each mix contained varying percentages of SF,
ranging from 0% to 1.6% of the aggregate’s weight,
the total concrete mix was divided into 5 parts (for the
five (5) percentages of SF content). Therefore, the
amount of water for each part weighed 2.5kg with a
volume of 2.5 liters.

e  Hence, the weight of aggregate for each part is 137.5/5
= 27.5kg and the weight of each concrete mix was
30kg.

To prepare the concrete cube specimens needed to achieve
the objectives of this study, the aggregates were mixed with
water in an electric concrete mixer at a temperature of 28°C,
the ratio of water-cement used for the concrete mix was 0.5.
This implied that for every 100kg of cement, 50kg of water
was added. This was within the acceptable range of 0.4 to 0.6
for fiber reinforced concretes (FRC). After mixing, the
concrete paste was tested for a slump, and then cast in cube
molds of dimension 100 x 100 x 100 mm, then the molds were

covered with damped wool clothes for 24 hours under
temperature 20+5°C and air-humidity 95 + 5% then, demolded.
A control concrete grade of M20 (the articulated compressive
strength to be achieved) was made with a mix ratio of 1:1.5:3.
The solid demolded concrete cube specimens were placed in a
curing tank of dimensions 0.8m x 1.0m x 1.5m. Full
submersion of the cubes was done to ensure uniform curing
until the specific testing day. On day 28, 5 (five) concrete
series were tested under individual temperatures of 28°C, 50°C,
100°C, 150°C, 200°C, 250°C, 400°C, 500°C, 750°C, and 1,000°C
where 28°C was the room temperature of the laboratory where
the concrete cube specimens were kept when removed from the
curing bath. To achieve the temperature needed, an electric
furnace was used to heat the concrete cubes at temperatures
50°C, 100°C, 150°C, 200°C, 250°C, 400°C, 500°C, 750°C, and
1,000°C. The concrete cubes of 0% SF, 0.4% SF, 0.8% SF,
1.2% SF, and 1.6% SF were placed inside the furnace and
heated to the required temperature; the temperature was raised
at a rate of 50°C/min. The concrete cubes were then taken out
at the interval of 5 minutes to measure the temperature of the
cube. Once the desired temperature is reached, the concrete
cube was removed and taken out for cooling, then it was
crushed.

. The compression test experiments were carried out on a
Universal Testing Machine with a maximum load of 1500kN
for compression until failure obtaining the f, by placing a cube
specimen vertically with one surface serving as the support and
the other surface serving as the load surface (Fig. 3).

The tests to determine the f, of the concrete cube,
specimens were conducted on days 3, 7, 14, 21, and 28 per
3(three) concrete cube specimens of each of the concrete mix
series. A total number of 210 concrete cube specimens were
prepared. From each of the 3(three) cubes, an average of the f,
was taken.

The following tests were conducted: slump test, f, test, as
well as compression tests. A slump test was done to determine
the workability of freshly mixed concrete while the f, test was
done to determine the strength of concrete in a controlled
environment.

4. RESULTS AND DISCUSSIONS OF THE
EXPERIMENTAL TEST OUTCOME

4.1. Slump Test

From the slump test carried out, there were reductions in
the values of the slump with increased SF content (Fig. 4). This
shows that the workability of concrete reduced with the
increase in SF content. Regarding the concrete series with 0%
SF, the concrete series reinforced with 0.4% SF reduced its
workability by 8.75%, 0.8% SF reduced by 16.25%, 1.2% SF
reduced by 23.75%, and 1.6% SF reduced the concrete
workability by 31.25%.
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Fig. (3). A concrete cube in a compressive test machine.

90
80
70
60
50
40
30
20
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Slump, mm

SF 0% SF 0.4% SF 0.8%

Concrete Series

Fig. (4). Workability (Slump) concrete and SFRC.

4.2. Compressive Strength (FC)

Fig. (5) shows the average f, the test result is taken from
three samples of concrete cubes on day 3 (three). It was
observed that the addition of SF improves the overall f, of the
concrete. The concrete with 0% SF content had the least
strength as compared with other SFRCs. Higher f, levels were
obtained by increasing SF%. The concrete with 0.4% SF
content improved the early strength of the concrete by 7%,
while concrete with 0.8% SF, 1.2% SF, and 1.6% SF increased
the early f, by 24.8%, 44.9%, and 50.3% respectively.

The f, on day 7 is shown in Fig. (5). It can be observed
that 0.4% SF enhanced the concretes f, after 7 days by 4.3%

@B S| UMP(mm)

SF 1.2%

SF 1.6%

while SF contents of 0.8%, 1.2%, and 1.6% improved the f, by
19.4%, 24.1%, and 28.7% respectively as compared to concrete
with 0% SF content. It can also be observed that there was a
39.8% increase in f, of the concrete with 0% SF content
between day 3 and day 7. Subsequently, concrete with 0.4%,
0.8%, 1.2%, and 1.6% SF increased in f, by 29.9%, 33.8%,
19.7%, and 19.7% respectively. This demonstrates that the full
strength of concrete is not achieved instantly but gradually.

Results from f, test carried out on the various specimens
after 14 days (Fig. 6) of curing shows that 0.4% SF enhanced
the concretes f, after 14 days by 24.2% while SF contents of
0.8%, 1.2%, and 1.6% improved the f, by 39.5%, 54.8%, and
62.9% respectively as illustrated in Fig. (5).
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Fig. (5). The increment in the strength of the concrete cubes after 3 to 21 days of curing.

Fig. (6). FC test of SFRC on day 14.

Results obtained from the f, test carried out on the various between days 14 and 21 can be seen in Fig. (5). It can be
concrete specimens after 21 days of curing shows that there observed that 0.4% SF enhanced the concretes f, after 21days
was an 18.5% increase in f, of the concrete with 0% SF content of curing by 17.8%, while 0.8% SF, 1.2% SF, and 1.6% SF
between day 14 and day 21. Subsequently, concrete with 0.4%, improved the f. by 27.7%, 38.4%, and 55.8% respectively.
0.8%, 1.2%, and 1.6% SF increased in f. by 12.4%, 8.5%, The results of the f, against SF content from days, 3 to day

5.9%, and 13.3% respectively. This percentage increase in f, 28 of curing are illustrated in Fig. (7).
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DAY 3
(N/mm2)

COMPRESSIVE
STRENGTH

COMPRESSIVE STRENGTH AGAINST SF CONTENT

DAY 7

(N/mm?2)
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0% W0.40%

DAY 14 DAY 21
(N/mm?2) (N/mm?2)
COMPRESSIVE COMPRESSIVE
STRENGTH STRENGTH

0.80% 1.20% M1.60%

Fig. (7). Compressive strength with steel fiber content from day 3 to day 28..

Table 6 shows the combined f, taken from the average of
three concrete cube samples from day 3 to day 28.

Table 7 shows the average results obtained from 210
concrete cubes which are, 70 f, results subjected to T ranging
from 28°C to 1,000°C where 28°C is the T in the laboratory in

which the experiments were conducted.

DAY 28
(N/mm?2)

COMPRESSIVE
STRENGTH

Emiri et al.

Fig. (8) below shows the f, comparison of the various SF
concrete cubes being subjected to heating at an elevated T.
Table 8 shows the concrete cubes subjected to T ranging from
28°C to 1,000°C.

Table 6. f. results of concrete cubes crushed at room temperature (T).

SF (%) DAY 3 DAY 7 | DAY 14 | DAY 21 DAY 28
f. (N/mm?’)
0 13.37 18.68 20.31 24.07 26.89
0.4 14.31 19.47 25.22 28.35 30.41
0.8 16.68 2231 28.33 30.73 32.85
1.2 19.37 23.19 31.45 33.31 35.90
1.6 20.09 24.05 33.08 37.49 39.66
Table 7. f. of concrete cubes subjected to T ranging from 28 to 1,000.
T °C) 28°C 50°C 100°C 150°C 200°C | 250°C 400°C 500°C 750°C 1,000°C
SF % fN/mm’

0 26.89 26.68 26.10 25.50 24.71 23.11 20.31 18.22 13.50 4.2
0.4 30.41 30.30 29.90 29.50 27.81 26.90 23.80 21.90 16.81 8.23
0.8 32.85 32.75 3235 32.05 31.50 30.80 28.50 26.81 19.55 11.63
1.2 35.90 35.82 35.42 33.40 32.24 31.95 29.10 28.70 23.20 15.60
1.6 39.66 39.63 39.40 38.19 37.20 36.30 35.00 34.21 25.96 17.20

Table 8. f. results of concrete cubes crushed at room temperature (T).
SF (%) DAY 3 DAY 7 | DAY 14 | DAY 21 DAY 28
f. (N/mm’)

0 13.37 18.68 20.31 24.07 26.89
0.4 14.31 19.47 25.22 28.35 30.41
0.8 16.68 22.31 28.33 30.73 32.85
1.2 19.37 23.19 31.45 33.31 35.90
1.6 20.09 24.05 33.08 37.49 39.66
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Table 9. f. of concrete cubes subjected to T ranging from 28 to 1,000.

T °C) 28°C 50°C 100°C 150°C | 200°C | 250°C 400°C 500°C 750°C 1,000°C
SF % f. N/mm’

0 26.89 26.68 26.10 25.50 24.71 23.11 20.31 18.22 13.50 42
0.4 30.41 30.30 29.90 29.50 27.81 26.90 23.80 21.90 16.81 8.23
0.8 32.85 32.75 3235 32.05 31.50 30.80 28.50 26.81 19.55 11.63
1.2 35.90 35.82 35.42 33.40 32.24 31.95 29.10 28.70 23.20 15.60
1.6 39.66 39.63 39.40 38.19 37.20 36.30 35.00 34.21 25.96 17.20

From Fig. (8), it can be observed that plain M20 concrete
(0% SF) losses 0.78%, 2.93%, 5.16%, 8.10%, 14.1%, 24.47%,
32.32%, 49,79% and 84.38% respectively of its f, at 28°C,
50°C, 100°C, 150°C, 200°C, 250°C, 400°C, 500°C, 750°C, and
1000°C respectively.

Concrete incorporated with 0.4% SF losses, 0.36%, 1.67%,
2.99%, 8.55%, 11.54%, 21.74%, 27.98%, 44.72% and 72.94%

respectively of its f. at 28°C, 50°C, 100°C, 150°C, 200°C,
250°C, 400°C, 500°C, 750°C and 1,000°C respectively Table 9.

Concrete with 0.8% SF losses 0.30%, 1.52%, 2.43%,
4.11%, 6.244%, 13.24%, 18.39%, 40.49% and 64.60%
respectively of its f, at 28°C, 50°C, 100°C, 150°C, 200°C,
250°C, 400°C, 500°C, 750°C and 1,000°C respectively.
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Fig. (8). f. a varying percentage of SF concrete cubes subjected to elevated T.

1.2% SF concrete losses 0.22%, 1.34%, 6.90%, 10.19%,
11.00%, 18.94%, 20.06%, 35.37% and 56.55% respectively of
its f. at 28°C, 50°C, 100°C, 150°C, 200°C, 250°C, 400°C, 500°C,
750°C and 1,000°C respectively.

Concrete with 1.6% SF losses 0.076%, 0.66%, 3.71%,

6.20%, 8.47%, 11.74%, 13.74%, 34.54% and 56.63%
respectively its f, at 28°C, 50°C, 100°C, 150°C, 200°C, 250°C,

400°C, 500°C, 750°C and 1,000°C respectively.

From the results obtained, it can be observed that the
addition of SF significantly increases the overall compressive
strength of concrete when it was exposed to a high T of up to
1,000°C. Moreover, from the results, concrete cubes with 1.6%
of SF contents had the highest f, hence signifying that the most
effective proportion of the various SF percentages under
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consideration is 1.6% SF content.

CONCLUSION
From the experimental results, it can be observed that:

1. The workability of SFRC decreases with the addition of
more amount of SF to the concrete mix. This is in line with the
research carried out by R.N Swamy [9]. Where he stated that
the increase in the aspect ratio and volume of fibers would
result in reduced workability and increased balling tendency.

2. The f, tests demonstrate that increments in the f, of
concrete cubes was caused by the increase in the incorporation
of SF. Hence, we can affirm that SF percentages of 0.4%,
0.8%, 1.2%, and 1.6% yielded the best results.

3. As expected, the concrete cubes reached full strength
after 28 days in the curing tank.

4. 1.6% of SF content gave the best f, alues when
compared with the other percentages of SF under consideration
within the scope of this research.

5. The heating test results show that SF significantly
enhances the thermal resistance of plain concrete hence
improving its f, after it has been subjected to heating of up to
1,000°C.

6. Hence, we can conclude that SF improves the f, of
concretes as well as enhance their thermal resistance, and the
same can be said for all SF percentages under consideration.
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