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Abstract - The objective of this experimental study is to evaluate the effect of treated and untreated Jute fibers on the behavior of
concrete members. Fifteen samples of concrete reinforced by JFRP are subjected to a compression test. The main issues investigated are
the ultimate load, and the effect of treatment on fiber morphology. It has shown that the treatment of fibers by 2% of Potassium hydroxide
during 24h in a liquor ratio of 10:1 decreases the maximum load capacity. On the other hand, the reinforcement of concrete members
using untreated Jute Fibers Reinforced Polymer (JFRP) increases the maximum load capacity. As well as the augmentation of the number
of layers of fibers fabric increases the maximum load capacity of concrete of 36.6% and 57.3% in the case of C3-JFRP-2L, C3-JFRP-3L
respectively.
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1. Introduction

In the field of Civil Engineering, composites have been used as structural strengthening systems for different reinforced
concrete (RC) elements such as columns, beams, beam-column joints, and walls[1]-[8]. However, the majority of such
applications are based on composites with non-degradable synthetic fibers such as E-glass, carbon and aramid[6], [9], [10].
It was mentioned in recent years that the natural’s fibers could be an interesting alternative to glass fibers because of their
lightness and low environmental impact [11], [12]. It was noted that the stiffness and the maximum loads of concrete beams
increase with the reinforcement by natural fibers plates [13]. It was found also that the reinforcement of beams using the Jute
fiber-reinforced polymer fabrics, offers an augmentation in load capacity of 62.5% [14], [15] .While the cellulose fibers are
incompatible with the hydrophobic polymers, which leads to less interfacial adhesion between the fiber and the matrix.
However, the quality of the fiber-matrix interface is important for the use of natural fibers as reinforcing fibers for
polymers[16], [17]. It's therefore very often necessary to modify the surface of the fibers to optimize this interface by using
the physical or chemical methods[18] . These modification methods are of different efficiency for the adhesion between
matrix and fiber, and can increase the quality of the interface as it can decrease the resistance of the fibers. It was concluded
that the excessive treatment of natural fibers using NaOH or KOH could have a negative effect on the properties of the
fibers[19] [20] [21]. It was also stated that the chemically treated composites showed a relatively greater decrease in the
tensile strength, which proves that the treated composites undergo greater degradation compared to the untreated
composites[21].

This study shows the mechanical behavior of cylinders concrete reinforced by composite materials based on untreated
and in the case of Jute fibers treated in 2% of Potassium hydroxide for 24 hours in a liquor ratio of 10: 1were subjected to
the compression test. The first section presents the materials used and the methodology followed. The second section resumes
the results obtained from the compression test in terms of Maximum Load capacity. The effect of treatment on the
morphology is presented in the third section.
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2. Methodology
2.1. Treatment of Jute fibers by Potassium hydroxide

The natural fibers are impregnated in 2% of KOH solution, during 24 hours, under the following climatic conditions:
18°C and 88% relative humidity. The fibers are washed in distilled water whose PH reaches 7, so as to remove the
residues of the KOH solution. Then, they are dried for 6 hours at a 100 ° C.

2.2. Preparation of samples

The Jute fibers fabric was cut to the dimensions mentioned in ASTM D 3039 (25 *250 mm) [22], in order to
characterize the mechanical properties of the composite. Table.1 resume the properties of the Sikadur™ 330 epoxy resin
used for the application of Jute fiber fabrics on concrete. All samples are cured at room conditions during 7 days.

Table 1: Properties of sikadur 330.

Density Compressive Tensile Module of Elongation at
Resin kg.dm? strength strength elasticity break,s,[%0]
mixed fe,a[MPa] fr,a[ MPa] E.[GPa]
30(7 33.8 (7 days+ 4.5
Sika-dur 330 13 days+23°C) 23°C) (7days+23°C) 0.9

3. Testing
3.1. Tensile Test

The Jute fibers laminates are subjected to the tensile test using the Universal testing machine WAW-600 E, with a
displacement speed of 2 mm/min. All laminates have displayed failure modes that are in accordance with ASTM D 3039
(Paragraph 11.9). The mechanical properties obtained are summarized in Table. 2.

Table 2: Properties of the JFRP laminate.
Mechanical properties

Ultimate tensile strength [MPa] 45.2
Elasticity modulus at failure [GP] 4.26
Elongation at failure [%6] 1.06

3.2 Compression Test

The fifteen samples of Jute Fiber Reinforced Polymer reinforced concrete members are subjected to compression
testing in the laboratory of Composite Materials, of the Faculty of Civil Engineering and Building Services, Gheorghe
Asachi University, lasi, Romania. The capacity of this machine is 600KN and the loading speed applied is 4KN / s. The
results are obtained using the data acquisition system Maxtest software. Table. 3 group the code abbreviations using for
the specimens that were reinforced by the JFRP with and without treatment.

Table 3: Code abbreviations.

Code Signification

JFRP Jute Fibers Reinforced Polymer

KOH Potassium hydroxide

C3-R Plain concrete cylinder

C3-JFRP-2L Concrete reinforced by 2 Layers of Jute-FRP
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C3-JFRP-3L Concrete reinforced by 3 Layers of Jute-FRP

C3-JFRP-KOH-2L Concrete reinforced 2 Layers of treated Jute-FRP
C3-JFRP-KOH-3L Concrete reinforced by 3 Layers of treated Jute-FRP
4. Results

4.1 Maximum Load capacity

As shown in Fig. 1 and Fig. 2, the strengthening of concrete members with Jute fibers fabric reinforced polymer increases
the maximum load capacity. The value of the high load capacity was noted in the case of specimens reinforced by 3 layers
of fiber (C3-JFRP-3L) followed by specimens reinforced by 2L (C3-JFRP-2L) with an increase of 97 KN and 62.6 KN
respectively, compared to unreinforced specimens. On the other hand, the specimens reinforced with treated fibers showed
a decrease of 9.8 KN and 6.2 KN in the case of C3-JFRP-KOH-2L and C3-JFRP-KOH-3L severally, compared to reinforced
specimens (Fig.1 and Fig.2).
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Fig .1: Load-displacement curves of unreinforced column and reinforced column by 2L of treated and untreated Jute fibers.
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Fig .2: Load-displacement curves of unreinforced columns and reinforced columns by 3L of treated and untreated Jute fibers.
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4.2 Effect of Treatment on Fiber Morphology

Porous support means a larger contact area, which has the effect of increasing the breaking energy necessary for the
separation of the assembled materials. According to the fiber morphology surface obtained by scanning electron microscopy
and as shown in Fig.3, the fibers are more cleanly and with a smooth surface in the case of treated fibers (Fig.3(b)) compared
the untreated fibers (Fig.3.(a )). The figure 3(b) doesn’t illustrate the presence of holes which means that detachment of the
primary wall , more specifically, the lignin and hemicellulose have not been remote it by the 2% of KOH solution.

Fig. 3: Jute fibers observed on a microscopic scale longitudinal view (a) Jute fiber without treatment (b) Jute fibers treated
with 2% KOH

5. Conclusions
It could be concluded from this study that:

1) The excessive treatment of Jute fibers using 2% of Potassium hydroxide (KOH) during 24h in a liquor ratio of
10:1 has a negative effect on the properties of fibers which lead to a decrease of the maximum load capacity of
concrete reinforced by Jute-FRP composites.

2) The reinforcement of concrete members with Jute fibers reinforced polymer has shown an increase of the
maximum load capacity.

3) The increasing number of layers increased the maximum load capacity of concrete of 36.6% and 57.3% in the
case of C3-JFRP-2L, C3-JFRP-3L respectively.
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