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Abstract: This study presents the benefits gained from using Fiber Reinforced Polymers on concrete
technology. Fire resistance of Polymeric Fiber Reinforced Concrete (PFRC) is presented in this study. The effect
of fire on compressive strength, tensile strength and pullout 13 mvestigated. Results from several cylinder

specimens having different aspect ratios as well as cube specimens are also investigated. These results
indicated that PFRC strength 1s controlled by the composite action of both fiber and concrete. This Polymeric
fiber shows an increase in the ductility, fire resistance and enhancement of the composite material properties.

This study provides a good understanding of the behavior of fiber polymers on composite concrete properties

and the effect of polymeric reinforced polymer on unprotected concrete.
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composite material

INTRODUCTION

The aim of this study was to give a light on some of
the important properties of using fiber polymers in fiber
reinforced concrete. The effect of Fiber Reinforcement
Polymers on fire resistance of fiber reinforced unprotected
concrete has been investigated. It reveals and enhance
the structural properties of materials; compressive
strength, flexural strength, tensile strength, Fire and/or
heat resisting.

The Fiber Reinforced Concrete (FRC) is a composite
material essentially consisting of concrete reinforced by
random placement of short, discontinuous and discrete
fine fibers of specific geometry. Several investigations™?
revealed the inclusion of fiber polymers to enhance some
of the structural properties of a given material, such as
These properties mcludes;

strength, fracture toughness, flexural strength, tensile

comnerete. colmpressive
strength, impact strength, resistance to fatigue, thermal
shock and retrofitting. The fiber acts as crack arresters,
resisting the development of crack and transferring a
brittle matrix into strong composite with better ductility™.
Calculating the squash load and rigidity of
conerete-filled Circular Hollow Steel (CHS) sections!”, for
evaluating the load bearing capacity of a column under
fire conditions. The effect of tensile membrane action m
the concrete slabs™ has been performed on a large generic
composite floor under fire conditions, using different
patterns of fire protection for steel beams. The analysis
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includes fire compartments of different sizes and locations
and show that the surrounding cool structure can provide
some benefits in increasing the fire resistance of fire
compartmert.

Tracing the behavior of High Performance Concrete
(HPC) columns exposed to fire was discussed in more
details™. A simplified approach is proposed to account for
spalling under fire conditions. Composite Slabs are slabs
in which profiled steel sheeting acts as a permanent
formwork and as reinforcement to concrete placed on
top". Due to heat absorbed by the concrete, the
performance is better than that of unprotected steel.

Polymeric Fiber Reinforced Polymers (PFRP) may
provide a more economical techmcally superior altemative
to the traditional techniques in many situations. The PFRP
1s lighter, more durable, fire resisting and higher strength
to weight ratio compared to traditional remforecing
materials such as steel!'™',

The performance of confined concrete using both
plain and fiber reinforced concrete was discussed™”. Now
a days, the provision of adequate ductility in concrete

attracts  the of
124 Repair and retrofitting of existing

structures attention several
researchers
structures have become a major part of the construction
activity in many countries™]. This can be attributed to
aging of the mfrastructure and increased envirormmental
awareness in societies.

In literature, characteristics of high strength fiber

reinforced lightweight aggregate concrete have been
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investigated™ as well as nondestructive evaluation on
damage of carbon fiber sheet reinforced concrete!'”. It is
well recogmized that the damage associated with the aging
of civil infrastructure 1s one of the most serious threats to
the assurance of public safety.

Other researchers, reveals the behavior of normal and
steel fiber remforced concrete under impact of small
projectiles!’. They present the effect of steel fiber
reinforcement on the impact strength. The behavior of
Steel Fiber Reinforced Concrete (SFRC) beams under
impact loading has been studies extensively!”. One of the
benefits of using SFRC over plain concrete 15 the impact
resistance, or dynamic toughness.

MATERIALS AND METHODS

Fire resistance experimentation

Test setup: In this study, the effect of Polymeric Fiber
Reinforced Concrete (PFRC) on fire resistance is
presented. The lab results of several specimens at
different aspect ratios of cylinders and concrete cube size
are investigated. The test is divided into two main sets.
The first set uses fiber reinforced concrete as a filling
material while the second one uses plain concrete as a
filling material. Furthermaore, different test specimens were
used to figure out the effects of fiber polymers on the
characteristics of PFRC. Cylindrical specimens of a
diameter of 100 and 150 mm have been studied. Three
specimen lengths were used, 150, 200 and 300 mm. Also,
normal cubes (150X150%150) mm. A lean concrete mix was
used in the test. In the test setup, Plain and Composite
Concrete were subjected to the same temperature
environment and same burning time to reveal the effect of
polymeric fiber on concrete strength at different heat
levels as well as fire duration.

Strength of both composite and plain concrete were
recorded for various temperatures (Furnace temperature),
starting from room temperature up to 1000°C. Furthermore,
different heat durations (1 to 7 h) were used. Each time,
the furnace heated to a target temperature before placing
the specimen inside.

Moreover, the effect of fire on Pullout strength of
hardened concrete with and without the presence of fiber
polymers was of an interest in this study. A fixed rate of
loading of 1.33x107 MN/s was applied for all specimens in
this test.

Design mix: The following mix proportions were used to
produce the design mix. These proportions are: coarse
aggregates weighing 28.5 kg passing sieve size (18.75) mm
and retained on sieve size (12.5) mm; Medium aggregate
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size of 28.5 kg passing sieve size (12.5) mm and retained
on sieve size (9.375) mm; Fine size aggregate of 38 kg
passing sieve No. 8, Cement of 14.0 kg and free water of
11.75 L. Fiber to concrete ratio 0.8% was used to produce
the fiber reinforced concrete specimens.

Compression test: Cube size of (150X150X150) mm was
tested in compression according to the ASTM. This test
was performed for both plain and composite concrete
specimens. Figure 1 presents the effect of fiber
reinforcement on concrete strength for one, two, three and
four weeks at different temperature starting from room
temperature reaches up to 1000°C. Each time there is a
comparison between the concrete with and without the
addition of fiber reinforcement.
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Splitting test: According to the ASTM, splitting test was
made with different cylinder aspects ratio (d/h), (1503300,
1503150 and 100X200) mm in dimension. The concrete
was made with and without fiber remforcement. Figure 2
present the effect of fiber reinforcement on concrete
tensile strength for 1, 2, 3 and 4 weeks, respectively
starting from room temperature reaches up to 1200°C. A
comparison to see the effect of fiber on fire resistance
each time is clear in Fig. 1.

Pull-out test: According to the ASTM, a concrete cube of
(150X150X150) mm was prepared for the pullout purpose
with the same proportion as for the compression and the
splitting tests taking into account the presence of
polymeric fiber remforcement in the concrete. Each time
the compearison was made for the case of with and without
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Fig. 3a-d: Present the effect of temperature changes on
concrete tensile strength for cylinders of
(100X200) mm at (one to four weeks concrete
age, respectively)

fiber reinforcement and the effect of fiber was clear on fire
resistant (Fig. 3).

RESULTS AND DISCUSSION

As the furnace reached the target temperature before
introducing the specimen to such high temperature, it
become clear that such process did not encounter for any
accounted thermal shock, this can be referred to the
humidity inside the specimen as it was directly placed in
the fumnace. Such humidity mversely affected the direct
thermal shock.

Figure 1a and b present the relation between concrete
age and the compressive strength for (15X15X13) mm
concrete cube with and without the addition of fiber
reinforcement, respectively. In the Fig. 1, the effect of fiber



J. Applied Sci., 5 (2): 373-379, 2005

reinforcement on concrete resisting fire is clear taking into
account the effect of temperature and burning duration
inside the furnace.

It 18 clear from the Fig. 1 the effect of polymeric fiber
on concrete registing fire. A fiber to concrete ratio of 0.8%
in this research was found to be as a good ratio; 1n this
paper only the result of 0.8% of fiber is presented.
Compare the two cases (with and without PFRC) for fire
resistance. It is clear that at a temperature of 1000°C and
age of 5 weeks, the effect of fiber 1s clear in increasing the
compressive strength of 15% from that without fiber. At
room temperature, the effect of fiber as well 1s clear in
increasing the compressive strength at 5 weeks with
11.3%. At 200°C, the increase of compressive strength
was about 2% in compare with that for non-fibered
concrete. As a distinguished result, concrete with fiber
resist fire more than that without fiber at a temperature of
800°C, where the increase in compressive strength was of
20%. This can figure out that this kind of fiber (polymer)
1s good on the temperature of 800°C.

Figure 2a-d present the relation between concrete age
and the tensile strength for (150X300) mm concrete
cylinder with and without the addition of fiber
reinforcement, respectively. The effect of fiber
reinforcement on concrete resisting fire is clear taking into
account the effect of temperature and burning duration
inside the furnace (Fig. 2).

It 18 clear that at a room temperature and for 5 weeks
time, the increase in the tensile strength was about 29%
but at a temperature of 1000°C with the same age was
about 10%. At a temperature of 600°C the effect of fiber is
clear in increasing the tensile strength of 29% 1n compare
with the value without fiber. A microscopic photo for the
composite concrete indicated a starting melting point of
the polymer in the range of 400-550°C. This phenomenon
enhanced the mterlocking force between the composite
materials providing a direct tensile strength. At 200°C, the
mcrease of tensile strength was about 19% in compare
with that for non-fiber concrete. As a distinguished result,
concrete with fiber resist fire more than that without fiber
at a temperature of 600°C, where the increase in tensile
strength was of 29%.

From Fig. 3, it is clear that at a room temperature and
for 4 weeks time, the mcrease in the tensile strength was
very slight, but at a temperature of 1000°C with the same
age was about 25.8%. At a temperature of 600°C the effect
of fiber is clear in increasing the tensile strength of 44%%
i compare with the value without fiber. At 200°C, the
increase of tensile strength was about 15.3% in compare
with that for non-fibered concrete. As a distinguished
result, concrete with fiber resist fire more than that
without fiber at a temperature of 600°C, where the mncrease
in tensile strength was of 44%.
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Fig. 4a-d: Present the effect of temperature changes on
concrete tensile strength for cylinders of
(150X150) mm at {(one to four weeks concrete
age, respectively)

Figure 4a-d present the relation between concrete age
and the tensile strength for cylinder of (150X150) mm with
different temperature, with and without fiber reinforcement
effect.

From Fig. 4a and b, It 1s clear that at a room
temperature and for 4 weeks time, the increase m the
tensile strength was 12.4%, but at a temperature of 1000°C
with the same age was about 17.7%. At a temperature of
600°C the effect of fiber is clear in increasing the tensile
strength of 28.6% in compare with the value without fiber.
At 200°C, the increase of tensile strength almost is
neglected in compare with that for non-fibered concrete.
As a distinguished result, concrete with fiber resist fire
more than that without fiber at a temperature of 600°C,
where the increase m tensile strength was of 28.6%.
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(a) The concrete cube exactly the moment of testing

(b) The concrete cube after one day from the testing time
Fig. 6aand b: Concrete behavior at temperature of
1000°C, before and after collapsing
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(a) Pullout test sample without burmng

(b) Pullout test sample after burning
Fig. 7a and b Pullout test before and after burning

Varnation in specimens’ size dictated a vanation in the
results. Variation in the specimens’ size directly impacted
the quantity of polymeric fiber leading to variation of the
outcome results.

Figure 5a and b present the effect of temperature
changes on concrete pullout force for cubes of
{150X150) mm

It is clear that, at room temperature the effect of the
fiber reinforcement on pullout force m not good since a
decrease of 7.1% happens by the addition of fiber to
concrete for the age of 5 weeks. At a temperature of 600°C
an ncrease i the pullout force happen to the reinforced
concrete with the amount of 18.2% in compare with that
for the concrete without fiber. Based on the above result
the existence of fiber in concrete is affecting the pullout
force when the temperature 1s approaching 600°C.

It has been noticed that the composite concrete when
burned on a temperature more than 800°C, the concrete
behavior is not like the usual. In this research the
researcher found that after buming the concrete at a
temperature of 900, 1000 or 1200°C and testing the
composite concrete for compressive strength, leaving the
tested concrete cube to the other one or two days, a
complete collapsing for the concrete cube was noticed.
Figure 6a and b illustrates. This i1s due to at high
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temperature, burning of the concrete convert the
composite material into a clay soil that is affected by the
negative pressure comes from the room humidity which
make the concrete behave like a soil sample under
negative pressure, that makes it collapse.

Regard the pullout test, the researcher noticed the
damage happens in case of room temperature in
compare with that for the burned concrete was very small
(Fig. 7a and b). This is due to fewer bonds between the
composite particles that make the damage much more
clear.

CONCLUSION

Based on the above results and discussion, the

following poimnts could be mcluded as a conclusion for
this work.

The existence of polymeric fiber remnforcement in
concrete can increase the compressive strength up to
20% of that for concrete without fiber reinforcement
with the ratio of 0.8% of fiber to concrete is
recommended with a burming temperature of 800°C.
The tensile strength is increasing in case of using
pelymeric fiber remforcement up to 44% based on the
burning temperature of 600°C. As the burning
temperatire 13 increasing the above wvalue 1s
decreasing.

Regard the pullout; it 1s clear that at room
temperature the effect of the fiber reinforcement on
pullout force decreases the pullout force with 7.1%.
This happens by the addition of fiber to concrete for
the age of 5 weeks. At a temperature of 600°C an
increase in the pullout force happen to the reinforced
concrete with an increase of 18.2% in compare with
that for the concrete without fiber. Based on the
above result the existence of fiber in concrete 1s
affecting the pullout force when the temperature 1s
approaching 600°C.

This research 15 conducted on unprotected concrete,
as 1t provided simailar indicators of previous research
on protected concrete, which might lead to the
conclusion of less cost on the long run of such
development.
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