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Abstract - Concrete made with Portland cement is comparatively strong in compression but weak in tension and tends to be brittle.
The weakness in tension can be overcome by the use of conventional rod reinforcement and to some extent by including sufficient
volume of certain fibers. There has been a growing interest in utilizing natural fibers for making low cost construction materials in
recent years. For environmental protection purposes, the use of natural fibers rather than synthetic fibers is highly recommended.
Pineapple leaf fiber (PALF) is more compatible natural fiber resource and constitutes a good chemical composition and has highest
tensile strength when compared to other natural fibers.

However, the main disadvantages of natural fibers in composites are the poor compatibility between fiber and matrix and the relative
high moisture sorption. The chemical treatment of fiber improves the adhesion between the fiber surface and the matrix may not only
modify the fiber surface but also increase fiber strength.

In this study combined dilute alkali and polymer treated pineapple leaf fiber are provided as secondary reinforcement in concrete
beams. The concrete members were experimentally studied. The ultimate Load carrying capacity of beams were obtained and
compared with the ordinary RCC beams.

Keywords — Natural fiber, Pineapple leaf fiber, Secondary reinforcement, Ultimate Load, Combined dilute alkali and polymer
treatment , Tensile strength, RCC beam.

INTRODUCTION

Concrete made with Portland cement is comparatively strong in compression but weak in tension and tends to be brittle. The weakness
in tension can be overcome by the use of conventional rod reinforcement and to some extent by including sufficient volume of certain
fibers. There has been a growing interest in utilizing natural fibers for making low cost construction materials in recent years. [12],
[17]

Fibers are thread like materials which can be used for different purposes. Fibers produced by plants (vegetable, leaves and wood),
animals and geological processes are known as natural fibers. Researchers have used plant fibers as an alternative source of steel
and/or artificial fibers to be used in composites (such as cement paste, mortar and/or concrete) for increasing its strength and ductility.
Natural fibers have the advantages of low density, low cost, and biodegradability. When concrete cracks, the randomly oriented fibers
start functioning, arrest crack formation and propagation, and thus improve strength and ductility [2], [5]

Pineapple leaf fiber is more compatible natural fiber resource and constitutes a good chemical composition. Pineapple leaf fiber
(PALF) is vital natural fiber, which have high specific strength, rigidity, flexural and torsional rigidity than other fibers. Pineapple-
Leaf Fiber-Reinforced concrete beam is a structural model designed to address three major problems: waste management, pollution
control and climate change. [1]

However, the main disadvantages of natural fibers in composites are the poor compatibility between fiber and matrix and the relative
high moisture sorption. Therefore, chemical treatments are considered in modifying the fiber surface properties. The chemical
treatment of fiber aimed at improving the adhesion between the fiber surface and the matrix may not only modify the fiber surface but
also increase fiber strength. Water absorption of composites is reduced and their mechanical properties are improved. For
homogeneous distribution of natural fiber into the cement matrix both the chemical composition as well as surface properties of
natural fiber have to be modified by a combined dilute alkali and polymer emulsion treatment [14]
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EXPERIMENTAL WORK

A. General

The experimental work includes the casting of conventional RCC beams and the same set of specimens added with combined dilute
alkali and polymer treated pineapple leaf fibers. The beams are casted in the size 150 mm x 200 mm x 1250 mm.

B. Mix Proportions and Materials Used

The characteristic compressive strength of the concrete after 28 days of curing is assumed to be 25 i.e. the fck value is 25. The cement
used is ordinary Portland cement with 53 as grade. The coarse aggregate is 20 mm in size and the fine aggregate is well sieved. The
mix proportion is designed as per the 1S code for the M25 grade of cement.

TABLE 1

MIX PROPORTION

Material | Cement Fine Coarse Water
Aggregate | Aggregate

Weight |437.77 | 636.396 | 1174.931| 197
(kg/m’)

Ratio 1 1.45 2.68 0.45

The fiber that is used is pineapple leaf fiber and the mechanical properties of fiber are listed below in the form of a table

TABLE 2

MECHANICAL PROPERTIES OF PALF

Tensile Youngs Density Length
Type Strength Modulus (g/cm®) | (cm)
(Mpa) (Gpa)

Natural | 387-1486 29.8-81 1.3 12.5

C. Experimental process

RC beams of size 150mm width, 200mm depth and 1250mm length were casted using M25 conventional mix and fiber added mix.
Combined dilute alkali and polymer treated PALF fiber are added in the mix. Combined polymer alkali treatment was done by
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soaking the required amount of PALF in 0.5% alkali solution following which the spent alkali solution was decanted out after 24 h of
soaking. Next the respective amounts of Sika latex containing solid (carboxylated styrene butadiene (SBR) was diluted with 1000 ml
of water and added to the alkali soaked wet PALF. The fiber that is added along with the mix is in the percentage of 0.75 (by
weight). The beams were designed for flexural failure with 2#12mm bars as the bottom longitudinal reinforcement and 2#8mm bars as
the top longitudinal reinforcement. Two legged 8mm stirrups were provided as shear reinforcement at spacing of 130 mm from the
supports. The beams were tested under two point loading test after 28 days water curing.
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Fig. 1 Schematic Setup for Testing

RESULTS

The mode of failure of control beam and beam reinforced with treated PALF are shown in Fig. 2 and Fig. 3 respectively.

Fig. 2 Failure of control beam

The mode of failure was found to be flexural in both control beam and fiber added beam. It was also observed that the crack width
increased with the increase of load.
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Fig. 3 Failure of beam with treated PALF

DISCUSSION

The ultimate loading carrying capacity of control specimen was obtained as 147.15 kN. The ultimate load carrying capacity of beams
reinforced with treated PALF was obtained as 191.29 kN which is greater than that of the control beam.
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Fig. 4 Ultimate Load Carrying Capacity

CONCLUSION

The flexural behavior of concrete beams with PALF as secondary reinforcement has been presented in this study. Based on the
findings from the beam flexure tests performed, the following conclusions can be drawn,

1. The ultimate load bearing capacity of the PALF reinforced beam was very much higher than the conventional type
specimens in the flexural test that was carried out. In combined dilute alkali polymer treated beams the load carrying
capacity is increased by 24%.

2. Both control beam and treated PALF added beams failed in flexure.

3. Beam without fiber or normal concrete start cracking at lower loads, and the cracks continue towards compression
region. However, beam with fiber start cracking in higher loads because of higher tensile strength due to fiber addition.
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