International Journal of Advances in Computer Science & Its Applications — 1JCSIA
[ISSN 2250-3765]

Volume 4: Issue 4

Publication Date : 27 December,2014

Structural Behavior of Kenaf Fibre Reinforced
Concrete Beams

[ Sayed Javid Azimi, Sharifah Maszura Syed Mohsin and Abdoullah Namdar ]

Abstract—This paper presents the effect of kenaf fibres in
reinforced concrete beams. In investigating the structural
behaviour of the beams, four point bending test was conducted on
five beams by considering two distinct parameters (i) shear
reinforcement arrangement (ii) the amount of kenaf fibres in the
aforementioned beams. The beams consists of Two beams with
full shear reinforcement by two amount of kenaf fibres, 10kg/m*
and 20kg/md respectively and two other beams with 50%
increased shear spacing with two different amount of kenaf fibre
10 kg/m?® and 20 kg/m?® were examined. A control beam is made of
0 kg/m® kenaf fibre with full shear reinforcement .The
experimental results suggests that beams with the inclusion of
kenaf fibres demonstrates significant increase on the load
carrying capacity, ductility and shear strength. Moreover, it was
observed that the mode of failure is altered from shear mode to
bending mode. Furthermore, this study opines that kenaf fibres
are compatible with RC which yields promising results.

Keywords— kenaf fiber, ductility, load carrying capacity, mode
of failure

.  Introduction

Kenaf is scientifically kNown as Hibiscus cannabin’s L.
and it falls under the Malvaceae family. It is cultivated in
India, Bangladesh, United States of America, Indonesia,
Malaysia, South Africa, Thailand, parts of Africa, and in
specific parts of southeast Europe for its fibre [1]. The
cracking phenomenon on concrete structures are often caused
by low tensile strength, drying shrinkage and plastic
shrinkage. The inclusion of fibre increases the strength load
carrying capacity, ductility, stiffness of structure as well as
reduces the drying shrinkage and plastic shrinkage. The
inclusion of fibres also acts as a crack arrestor and improves
the dynamic and static behaviour of concrete structure [5].
Although steel fibre mitigates the problem of low tensile
strength of concrete and micro cracks, nonetheless it does not
completely solve the problem as over a long period of time,
steels are susceptible to corrosion and this will cause sudden
catastrophic failure in concrete structures.

This alone motivates the need of the use of different type
of fibres such as, natural fibres which is more copious,
economical and environmental friendly as compared to
synthetic fibres [2, 4]. The inclusion of natural fibres in
reinforced concrete structures in enhancing the structural
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properties are well recognised due to their low density and
high specific strength which are desirable in concrete
structures [1-4]. The tensile strength of kenaf fibre is between
400-550 MP which is higher than some natural fibre namely
sisal and jute [4]. Owing to the desirable characteristics of
kenaf fibres, it befits as a potential candidate to be used as
fibres in concrete structures [6]. A similar study was
conducted for lightweight concrete using oil palm shell (OPS)
[7]. The present study intends to investigate the influence of
kenaf fibres when added to reinforced concrete beams as well
as its effectiveness of as a part of shear reinforcement through
the increase of shear links.

Methodology

A. Preparation of reinforced concrete

beams for testing.

Table 1 lists three sets of concrete mixture proportions for
five beams. Kenaf fibres included in the mixtures are 30 mm
of length with a diameter between 0.1 mm to 2 mm as shown
in Fig. 1. Super-plasticizer was added to achieve the required
slump. The concrete mixture used in the fabrication of all
specimens has a slump in the range of 95 mm to 105 mm as
shown in Fig. 2.

The loading arrangement and reinforcement properties of
the beam are shown in Fig. 3 and Fig. 4. The beams were
initially designed by Euro code 2 with shear reinforcement
less than that is required to cause shear failure. Two
arrangements were considered (i) full shear reinforcement and
(ii) reduced in shear reinforcement (this was carried out by
increasing the spacing between the shear links by 50 %).
Subsequently, two amounts of fibres contents were added into
the reinforced concrete mixture to examine the effect of kenaf
fibres in reinforced concrete beams. Therefore, five beams
(three for full shear reinforcement and two for reduced in
shear reinforcement) were tested under four point bending test.
The beam with full shear reinforcement without 0 kg/m® fibers
was considered as the control beam. The test was carried out
on the 56th day in order to ensure that the reinforced concrete
beams added with kenaf were fully hardened.
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Tablel mixture of concrete

Ingredients Kg/m® Kg/m® Kg/m®
Concrete Mix 1 Mix 2 Mix 3
Kenaf fiber 0 10 20
Coarse aggregate 308 308 308
Super plasticizer(Liter/m) 5 5 5
Water(Liter/m?) 204 204 204
Fine aggregate(sand) 848 848 848
WIC ratio 0.4 0.4 0.4
Cement 510 510 510

Figurer 2 Slump test

B. Testing.

Static loading test was conducted using a hydraulic
machine under two point loading. The three linear variable
differential transducers (LVDT) in the actuator was used to
determine the mid-span displacement whilst the load cell
indicated the applied and the load test set-up for beams as
shown in Fig. 3. The cracking of the beams was marked by
numbering all the cracks and their location.
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Figurer 3 Test set-up
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Figurer 4 Loading arrangement and dimensions of the beam
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Figure 5 Main reinforcement arrangement & dimensions of
The beam

. Results and Discussion

Fig. 6 and Fig. 7 illustrates the load deflection curves of
the five beams. Fig. 6 depicts the load deflection curve for full
shear reinforcement with 0 kg/m®, 10 kg/m® and 20 kg/m’
amount of kenaf fiber. It could be observed from the load-
deflection curves, that the beam without fibers failed at a
deflection of 8mm and at a load carrying capacity of 80 kN.
On the other hand, beam with 10 kg/m® and 20 kg/m?® failed at
a deflection of 18 mm with a load carrying capacity of 100
kN, whilst for the deflection of 20 mm, the load carrying
capacity is 107 kN. The load deflection curve demonstrates
significant increase at load carrying capacity of beam.
Moreover, the beams with reduced shear arrangement and
with 20 kg/m® failed at a deflection of 18 mm and load
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carrying capacity of 88 kN which suggests a good
improvement in the load carrying capacity by adequate
amount of kenaf fiber.
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Figure 7 Load-deflection curves for RC beams with reduced in shear
reinforcement
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Figure 8 Load-deflection curves for RC beams with full shear
reinforcement

The results from the load deflection curves of Fig. 7 and
Fig. 8 are summarized in Table 2 and Table 3, respectively.
Where P characterizes the maximum strength, Pprax.o
characterizes the maximum strength of the control beam, Pu
the ultimate strength, dy the yield deflection, du the ultimate
deflection, p the ductility and Wy, the amount of kenaf fiber.
Table 2 suggests that the peak strength of the beam is
increased to up to 25% for Wk = 10 kg/m® and 34% for Wk =
20 kg/m® respectively. The Table 3 shows that the peak
strength of the beam is reduced in shear reinforcement with 10
kg/m’ shows a 1% increase in P, as compared to the control
beam whist for the 20 kg/m® kenaf fiber, 9%. However, with
reduced shear links demonstrates the potential for kenaf fibers
to enhance peak strength to up to 9%.
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TABLE 2 Results for beams with full shear reinforcement

(* this ratio represents the change in maximum strength,
T this ratio represents the change in residual strength, f
this ratio represents the change in ductility)

Wi (kg/m?) 0 10 20
Pmax(KN) 80 100 107
Pumax/PMaxo 1 1.25 1.34
Pu(KN) 74 102 116
Pu/Pmaxt 0.9 1.275 1.45
3,(mm) 6 12 12
dy(mm) 8 18 20
n=5,/ 8, I 1.3 15 1.67

TABLE 3 Results for reduced shear reinforcement beams

(* this ratio represents the change in maximum strength, ¥
this ratio represents the change in residual strength, i this
ratio represents the change in ductility)

WK (kg/m®) 10 20

Prmax(KN) 70 88

Pmax/Pmax,0x 1.01 1.09

Pu(KN) 76 78.8

Pu/Pmaxt 1.085 0.98

d,(mm) 10 12

dy(mm) 18 24

p=dy/ dy I 1.8 2

The result obtained opines that the fiber acts appropriately
in controlling the crack propagation of the beams. Presence of
the fibres bridge the crack opening, thus higher load is
required to produce similar deflection with the control beam.
As the load increases, more cracks formed in the KFRC beam.
Eventually, the fiber starts to pull out from the matrix which
consequently drops the load carrying capacity. Failure of the
control beam (beam with 0 kg/m® and full shear
reinforcement) occurred due to the formation of a single crack
led to shear failure of the beam as shown in Fig. 8. Therefore,
fibres serve potential as part of shear reinforcement, which in
turn changes the mode of failure from brittle (beam without
fibres) to a more ductile manner (beam with fibres). All KFRC
beam have flexural cracks distributed over the entire section of
maximum and constant bending moment as shown in Fig. 9,
Fig. 10, Fig. 11 and Fig. 12. The two beams with normal
spacing and with 10 kg/m® and 20 kg/m?® kenaf fiber show high
multiple cracking behaviours than other two beams with
increased spacing. Cracks widths were measured at every load
interval and the crack formations were marked on the beams.
It was observed that the first crack constantly appears close to
the mid-span of the beam. The cracks forming on the surface
of the beams were mostly vertical, suggesting failure in
flexure with KFRC beams. By enhancing the fiber amount the
number of crack increased, and show multiple cracking
failure. It was also observed that for KFRC beams, the crack
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widths at service load were below the maxi- mum allowable
value as conformed by Erocode2 for durability requirements

In this study, the ductility (p) was investigated and
presented in Table 2 and Table 3. The ductility ratio is taken in
terms of p=0u/dy, which is the ratio of ultimate to first yield
deflection, where du is the deflection at ultimate load and dy is
the deflection when steel yields. In general, high ductility
ratios indicate that a structural member is capable of
undergoing large deflections prior to failure. In this
investigation adequate ductility is observed for both beams
shear arrangement. The Fig. 6 and Table 2 show ductility
increased up to 50% for Wk = 10 kg/m® and 67% for Wk= 20
kg/m? with full shear reinforcement. Furthermore, significant
increase in the ductility with reduced shear reinforcement 80%
for Wk = 10 kg/m® and 100% for Wk = 20 kg/m® as shown in
Fig. 7, and Table 3. This demonstrates that with the addition of
the fibers facilitates ductile mode of failure.

Figure 8 RC beam with full shear reinforcement without fibres

Figure 9 RC beam with Tull Shear reinforcement, LTOKg/m~ Kenar Tioer
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Figure 10 RC beam full shear reinforcement with 20kg/m®

Figure 12 RC beam reduced shear reinforcement with 20kg/m?
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iv. Conclusion

Based on the finding of this study, it can be concluded that
the addition of kenaf fiber consistently enhances the load
carrying capacity, ductility, and changes the mode of failure of
RC beams from brittle to ductile manner. This shows that
there are clear benefits of adding kenaf fibres at both
serviceability and ultimate limit state which are important for
design consideration. The study indicates that in order to
maintain the workability of the KFRC requires the use of a
cement rich mixture. Furthermore, superplasticizer should be
added to account for water absorbed by the fibres and to
maintain the workability of the fresh KFRC. Kenaf fiber
exhibits the ability to control crack opening and reduce the
crack width considerably as compared to RC beam without
fibres. As sufficient amount of fiber was added the load
carrying capacity, ductility were increased at certain point.
The difference in capacity of the beams with 20 kg/m® amount
of kenaf fiber was significantly larger than the difference of
the beams with low kenaf fiber 10 kg/m?).
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