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Abstract

Flexural strength of concrete beam with 0.4 water-cement ratio made with waste long cans fiber and silica
fume are investigated. 15 sample of concrete beam has been casted and tested for this research. The long
cans fiber of 250 mm long, 10 mm wide and 1 mm thickness with various fiber directions of 0°, 0° + 90°,
0° + 45° are used. The results show that by inclusion of cans fiber produces the flexural strength of 8.3 MPa
for sample S1 which is higher 5.5 % compared to control sample SO. A comparison between fiber directions
indicated that fiber direction of 0° (S1) produce the highest flexural strength while sample S2 is the lowest
flexural strength due to the presence cans fiber with 90° direction cannot increase the strength, even
reducing the concrete beam strength.. However Sample S2, S3 and S4 produce lower flexural strength
compared to control sample. This might be due to de-bonding effect between two layers of drink cans fiber
that result premature failure on the beam.
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1. Introduction

Recently there is a need of construction industry to produce high strength and high ductility concrete
with low cost. This objective can be achieved by incorporating some of waste material in the concrete.
Some of waste materials has been used as fibers reinforcement in concrete structures. Study on the use of
plastic fibers as concrete reinforcement has been conducted by researcher (Tulaian et. al, 2016), they found
that the recycle plastic (RP) ratio of 1.5% with concrete in the beam had the highest flexural strength. The
RP increased flexural toughness and flexural strength by 61 times and 84 % compared to concrete beam
without fiber. The use of recycled High-density polyethylene (HDPE) plastic fibres as a reinforcement on
the concrete has been investigated by Pesics. They found that the use of 1.25% HDPE fiber in concrete
beam has increased tensile strength as well as flexural modulus by 14 % compared to control sample without
fiber (Pesics et. al, 2016). The need for applying an economical approach for enhancing concrete’s strength
is in demand in the industry today. There have been a lot of studies in using recyclable materials such as
plastic, tin and glass as reinforcement for concrete. These materials are very cost effective as they do not
need much cost to reproduce these waste materials to become a fibre. A study by Murali and Vardhan about
the use of waste materials such as waste steel lathe, waste steel powders, plastic bottle caps and waste tins
as an addition to the concrete mixture. Waste tins fiber content of 1% has increase flexural strength of beam
by 23.5 % [Murali et. al, 2012). The use of short cans drink fiber for impact resistance improvement of
concrete slab has been investigated, where the strength increased 3 times compared to control sample
without fibers (Syamsir, et. al, 2017). Uroosa et al. has studied the use of soft drink as fiber reinforcement
in concrete cubes. They found that the use of 3% of fibers 1.5” long has increased the compressive strength
of concrete by 49 % compared to control sample without fiber (Uroosa et. al, 2015). However none of them

investigate on the effect of cans fiber on flexural strength of concrete beams.

2. Problem Statement

In recent years, as noted, the state of recycling in Malaysia has not been encouraging. In 2008, for
example, only 5.5 percent of total wastes were recycled. This compares with recycling rates twice as high,
or higher, in neighboring countries such as Singapore (11%), the Philippines (12%), and Thailand (14 %).
In Malaysia 64 % of waste content is municipal solid waste where the cans drink is part of them (MHLG,
2006; Periathambi et. al, 2009). Drink cans is considered as waste materials which is normally dumped at
landfills, so that it will raise environmental issues. With the rapid increasing of population in the country,
the amount of these waste escalates more than 90% in every 10 years (Jalil, 2010). In order to reduce the
waste drink cans at landfills, some of research on the use of these materials in concrete have been conducted
and it show good improvement on mechanical properties of concrete.

Previous study on the use of steel fiber to reinforce concrete had shown good results for improving
flexural strength of concrete. Significant effects of the use steel fiber on mechanical as well as impact
properties of concrete beam and slabs have been conducted by previous researchers (Nili & Afroughsabet,
2010; Kim et. al, 2014). The use of steel fibers as concrete reinforcement will be costly, therefore the
cheapest alternative i.e. waste materials need to be used to overcome this problem. Therefore in this research

the use of drink cans fiber for improving flexural strength of concrete will be conducted.

972



https://dx.doi.org/10.15405/epshs.2018.07.02.102

Corresponding Author: Agusril Syamsir

Selection and peer-review under responsibility of the Organizing Committee of the conference
eISSN: 2357-1330

3. Research Questions

e What is the optimum can fiber content in the concrete beam to produce good improvement on
flexural strength of concrete beam?
e What is the effectiveness of cans fibers to bridging the initial crack and increasing flexural strength

of beam?

4. Purpose of the Study

The objectives of the research are to study the effect long waste can fibres on the flexural strength

of fibre reinforced concrete beam.

5. Research Methods

Ordinary portland cement and selected silica fume have been selected to be used in this study. The
fine aggregate with water absorption and specific gravity of 1.83 % and 2.6, respectively were used. Coarse
aggregates with maximum 20 mm diameter were selected for this research. The long cans fibers were
produced by cutting drink cans into size of 250 mm long and10 mm wide. Water-cement and silica fume
ratio of 0.4 has been selected based on result that obtained from previous study by Syamsir et al. (Syamsir,
A et. al, 2017). In order to ensure that cement, silica fume and fine aggregate can be mixed properly, these
three materials were mixed first for one minutes. After that add fibres, coarse aggregate and water and mix
again for three minutes to ensure the consistency of mixing. The mix compositions are given in Table 1.
Fifteen samples including the control sample without fiber has been casted and tested.

Figure 1 shows various fiber direction in beam’s mould. The fibres are placed at distance 2/3 depth
of beam from the top of beam. The beam size is 100 mm wide, 100 mm depth, and 500 mm long. 15 sample

of beam has been casted and tested. Figure 2 shows the beam is tested under three point bending load.

Table 01. Mix proportions of the concrete

WI/(C+Sf) | Water Cement Silica Fine Coarse
(kg/md) (kg/md) Fume Aggregate Aggregate
(kg/m?3) (kg/m?3) (kg/m?3)
0.4 180 414 36 906 870

Fiber 0° Fiber 90°
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Figure O1. various fiber directions in concrete beam

Figure 02. Beam under flexural load (a), and beam failure (b)

6. Findings
The results of flexural test of beam can be observed in Table 2. Maximum load that can be
supported by the beam before failure was recorded and presented in the table. Flexural strength of beam (o)

is calculated by using equation 1.

_ 3FL
0= Jpaz @

where F is the maximum applied load before failure occur, L is the distance of the support which

is measured from center to center of the support in this study was taken as 300 mm, b is width of beam is

equal to 100 mm, and d is the depth of beam is equal to 200 mm.

Table 02. Results for flexural test (28 days)

Sample Failure Load (kN) Flexural Strength (MPa)
S0 Control 17.5 7.9
S1 0° 18.5 8.3
S2 90° 14 6.3
S3 0° + 90° 16.2 7.3
S4 0° + 45° 16.3 75
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From Table 2, it can be seen that the use of drink cans fibre with 0° fiber direction (S2) increases
failure load up to 18.5 KN compared to control sample of 17.5 kN only. The values of flexural strength of
sample S2 is increased by 5.5 % compared to the control sample (S1). This value relative lower if compared
to 9% of flexural strength obtained by Murali and VVardhan [6], this is due to the use of granite instead of
using normal coarse aggregate that we have used. Sample S3 with fiber direction of 90° show the worst
performance compared to the other samples. Sample S5 shows better flexural strength compared to S4 due
to the presence of fiber direction of 45° that show better performance compared to fiber direction of 90°.
The presence of fiber in sample S2 has bridging the initial crack produce by applied load and continue up
to fail. Sample S2, S3, and S4 are lower than control sample because de-bonding between fibers has reduced
the flexural strength of concrete beam. However the use of cans fiber can be considered as cheaper method
to improve the flexural strength of beam.
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Figure 03. Flexural strength versus curing period of concrete beam for (a) Control, (b) 0° (c) 0°+90° (d)

0°+45° fiber orientation

Figure 3 shows the beam with various fiber directions show the highest strength at 28 days as
predicted. The presence of silica fume in the design mix has enhanced the strength of the transition zone in
concrete, the drink cans fiber act as crack resistor. The inclusion of fiber in concrete beams with 0° fiber on
sample S1 has increase flexural strength of beam by 2.4%, 5.5 %, and 5.5 % at 7, 14, and 28 days curing
period respectively. Concrete beam S2, S3, and S4 shows decreasing of flexural strength compared to
control beam. Concrete beam with 90° show the lowest flexural strength even lower than the control sample.
It is suspected due to the presence of fiber with 90° direction is not contribute on flexural enhancement on
the beam itself, even this fiber created initial gap between the aggregate and paste, that can reduce the
bonding between aggregate and paste and cause the early flexure failure on beam.
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7. Conclusion

The inclusion of can fibers has increased flexural strength of concrete beam by 5.5 % if compared
to the control beam without cans fiber. Fibers direction 0° for sample S2 has more contribution on flexural
strength improvement compared 45° and 90° for sample S3 and S4, respectively. Sample S2, S3 and S4
produce lower flexural strength compared to control sample. This might be due to de-bonding effect

between two layers of drink cans fiber that result premature failure on the beam
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