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Abstract. Concrete is the predominant material in the construction industry. To be sustainable, the
old Reinforced Concrete (RC) buildings should be retrofitted, and the life of the building should be
extended. Experimental study has been attempted to investigate the load carrying capacity of
concrete beam strengthened with glass fiber and banana fiber mat. The primary aim of this study is
to retrofit the RC beam specimen to enhance the load carrying capacity. All the beams were casted
with the same grade of concrete (M30) and same structural detailing. Two-point symmetrical
loading were given to the control beams to obtain load at initial crack and ultimate load. Then the
beams other than control beams were loaded till it showes initial crack and then retrofitted with
banana fiber and glass fiber bonded externally with resin. The retrofitted beams were tested for
ultimate load performance. Load carrying capacity was higher for both retrofitting but the beam
retrofitter with glass fiber showed significant improvement in the ultimate load carrying capacity.

Introduction

Reinforced concrete is one of the most important materials in the construction field. Concrete
related structures are to be damaged due to several reasons after their life time. In such cases the
damaged portion of the structures is difficult to replace because of financial issues and time
duration. The alternative remedy for repairing the damaged structure is retrofitting instead of
replacing the structure.

Retrofitting is all about the process of strengthening the older buildings, damaged structures
such as heritage buildings, bridges etc., It lowers the risk of damage to an existing structure.
Retrofitted specimen helps to minimize the further damage of the structure. This paper reports
about the strengthening of reinforced concrete beam using glass fiber and banana fiber mat.

There are various types of glass fiber which differ only in the proportioning of their contents[1].
Synthetic fiber is added to the concrete mix to avoid the shrinkage cracking of plain concrete[2].
Concrete with self-curing agents would be a new development in the concrete construction
industry[3]. Application of carbon fiber brings about very good improvement in strength but the
failure is usually explosive in nature[4]. Melt spinning techniques are used in producing E-Glass
fibers[5].
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A comparative study on flexural strength of wrapped and unwrapped beams and found a higher
ultimate load carrying capacity and initial crack load for wrapped beams compared to unwrapped
beams[6]. Similar to the internal flexural steel reinforcement, the principal tensile fibers are
oriented in the longitudinal axis of the beam[7]. The addition of polypropylene fibers to concrete
reduces its unit weight while increasing its strength[8]. FRP sheets or plates are added to the
tension face of the member for flexural strengthening[9].

Steel fiber reinforcement not only improves the material's hardness, impact and fatigue
resistance, but it also improves the material's resistance against cracking[10]. Also, the weakness
of plain concrete can be removed by inclusion of fibers in the mix[11]. Retrofitting with FRP
sheets, especially GFRP sheets, was found to be the most suitable and cost-effective way to extend
the service life of the beam[12]. The contribution of fibers in concrete towards flexural strength is
smaller compared to the strength given by the rebar[13].

Various government bodies and academic institutions have consistently advocated the use of
waste materials as an alternative construction material, such as fly ash, glass powder, and ground
granular blast furnace slag (GGBS)[15].

There are various types of techniques to be followed for retrofitting the beam. Externally
bonded glass fiber and banana fiber mat are used to retrofit the beam specimen. Uni-directional
woven glass fiber sheet is utilized in current research and non-corrosive in nature.

Banana fiber is generally lignocelluloses material, consisting of helically wound cellulose
micro fibers in amorphous matrix of lignin and hemi cellulose. Banana fibers have desirable
mechanical properties due to their high cellulose content and low micro fibril angle. Lignin’s are
bound with hemicellulose and play an important role in lignocellulose materials' natural decay
resistance.

In present investigation, M30 concrete grade is used. Mix design was done as per IS 10262:
2009 “Indian Standard Concrete Mix Proportioning — Guideline”’[16]. Based on the above
practice, a concrete proportion with a characteristics target compressive strength is designed.
Experimental investigations have been carried out to find outthe enhancement of flexural
strength of M30 grade concrete specimen. Thetests were conducted as per IScodalspecifications.

Materials

Cement, Fine and Coarse aggregate

Ordinary Portland Cement (OPC) of grade 53 was used in this study. Fine aggregate which only
passes through 4.75mm sieve was sieved and selected. Manufacturing sand (M sand) derived from
the granite stone quarry was used instead of natural river sand due to its scarcity. As far as coarse
aggregate was concerned, 60 percent 20mm aggregate and 40 percent 12mm aggregate was used.

Glass fiber and Banana fiber mat

The glass fiber is an artificial thin material bonded with huge number of extremely fine fiber of
glass (Refer with: Figure 1). Banana fiber is natural fiber obtained from pseudo stem of banana
plant relatively with good mechanical properties (Refer with: Figure 1). The properties of glass
fiber and banana fiber are given in the table 1.
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Figure 1.Glass fiber
Table 1. Properties of Glass fiber and Banana fiber

Figure 2.Banana fiber mat

Properties of glass fiber

Properties of banana fiber

S.No Test Standard Observed Test Observed
Value Value Value

1 Width (cm) 100 £ 3 100 Tenacity 29.98g/Denier
Moisture content 0.2 max 0.15 Fineness 17.15
(%o/mass)

3 Loss on ignition 4.0 £+ 2.20 4.05 Moisture regain 13.00%
(%/mass)

4 Average 450+ 7 440 Elongation 6.54
mass/unit are
(g/m?)

5 %?° variation in <19 8.90 Alcoben 1.70%
mass per range extractives

6 Flexural strength Total cellulose 81.80%
of laminate
Dry
Wet 180 mint 234

135 mint 195

7 - - - Alpha cellulose 61.50%

8 - - - Residual gum 41.90%

9 - - - Lignin 15.00%

GP Resin

General purpose polyester resign is unsaturated chemical which was mixed together with cobalt,
catalyst (MKEP) forms a polyester resin. Mix proportion proposed for this resin to retrofit the
beam is 1Kg of resin added with 10 ml of cobalt and 15 ml of catalyst (Refer with: Figure 3).
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Figure 3. GP Resin

MixDesignofM30GradeConcreteUsingls10262:2009 [13].
Mixproportion of conventional concrete of M30 grade.

Cement = 497kg/m’
Fine aggregate = 674 kg/m?
Coarse aggregate = 1099kg/m’
Water = 197kg/m’

Casting of Beams

Form work of mould and Beam casting

A wooden mould of dimension 150mm wide, 250mm deep and 1000mm length was used to cast
the beam.Generally, concrete’s tensile strength is neglected. 2 numbers of 12mm diameter Fe500
steel reinforcement were used in the tension and as well as compression zone. The stirrups will be
8mm diameter provided at 150 mm center to center spacing for the entire length. The structural
detailing is shown in figure 4.a and 4.b.

2 Nos. of 12 mm diameter Fe500

2 Leg 8 mm diameter Fe500 @ 150 mm c/c

| 100 { 15—

2 Nos. of 12 mm diameter Fe500
Cross Section

Longitudinal Section

All dimensions are in cm unless otherwise mentioned.

Figure 4(a). Reinforcement details
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Figure 4(b).Beam reinforcement and casting

Curing
The casting of beam was done by placing the concrete in to the mould and compacted well for
removing the voids. The curing was done for the time period of 28-day in curing tank(Refer with:
Figure 5).

Figure 5. Curing of the specimen

Testing of beams

For testing of specimen, loading frame was used. The loading frame consists of steel column,
beams, hydraulic jack, linear vertical displacement transducer and supports. The loading frame
capacity was 750 kN. The beam placed over the two-point roller support leaving 50 mm from the
ends of the beam. From the beam span remaining 900 mm was equally divided and three (Linear
Variable Differential Transformer) LVDT were placed to determine the deflection of the beam. 2
numbers of LVDT were placed at 1/3™ distance and one LVDT were placed at mid-point(Refer
with: Figure 6). Initially the control beams were tested under two-point loading conditions to
obtain the initial crack(Refer with: Figure 7.a), then the test was continued to determine the
ultimate load carrying capacity of the beam and the type of failure occurred in the beam[14].
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Figure 6. Testing setup of the specimen

Retrofitting of beams and Testing

The retrofitting on beams was carried out by pasting the fiber mat with the help of resin. The single
layer wrapping technique is followed to retrofit the beam. All the beam specimens were loaded to
get the initial cracks and then the experiment was stopped. Before wrapping the beam, the surface
should be cleaned to make rough surface so that the resin sticks well in the surface of beam. After
that the beam was coated with polystyrene resin and the fiber mat was wrapped well (Refer with:
Figure 7.b & 7.c). Similar test was carried out for all the retrofitted beam specimens. From this
retrofitted beam test, ultimate load and the maximum deflection of the beam was obtained(Refer
with: Figure 7.d& 7.e).

7(a)
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7(e)
Figure 7. (a) Beam with shear cracks, (b) Beam wrapped with glass fiber mat, (c) Beam wrapped
with banana fiber mat, (d) Retrofitted banana fiber mat beam testing, (e) Retrofitted glass fiber
mat beam testing.

Result and Discussion
Load carrying capacity of control beam
Table 2 shows the Initial crack load in kN, Ultimate load in kN and maximum deflection in mm of
control beam specimen. Throughout the study beam 1 and beam 2 is subjected to bending failure
and shear failure respectively.

Table 2. Control Specimen results

S.no Type of beam Initial crack Ultimate load in Maximum
load in KN KN deflection in mm
1 Control beam 1 90.0 200 3.2
2 Control beam 2 83.5 193 2.8

Load carrying capacity of retrofitted beam

Concrete beam are subjected to loading until it got initial cracks to replicate the damaged beam at
site. Then the beams have retrofitted with wrapping of glass fiber and banana fiber on the
periphery of the beam. Table 3 shows the Initial crack load in kN, Ultimate load in kN and
maximum deflection in mm of retrofitted beam specimen.
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Table 3. Retrofitted Beam Specimens results

S.no Type of beam Ultimate load Maximum Average deflection
inKN deflection in mm in mm
1 Glass fiber 1 278 6.16
2 Glass fiber 2 255 5.84 6
3 Banana fiber 1 245 3.5
4 Banana fiber 2 232 4.5 4

Wrapping method of retrofitting significantly improved the ultimate load carrying capacity of
beams irrespective of the type of fibers. Figure 8 indicates the load versus deflection graph of the
control beam. The significant improvement was observed in the glass fiber mat wrapped beam
with 39% and 32% in their ultimate load carrying capacity of the retrofitted beam(Refer with:
Figure 9.a). Whereas only 22.5% and 20% increase was observed in banana natural fiber retrofitted
beam specimen(Refer with: Figure 9.b).

Control beam

250
200
150

100

Loads in KN

50

0 0.5 1 1.5 2 2.5 3 3.5
Deflection in mm

Figure 8.Load vs. Deflection graph of control beam

Even though natural banana fiber wrapping method of retrofitting has not shown the significant
butt still it has around 20 % increase in the ultimate load carrying capacity of beam. For sustainable
way of retrofitting, banana fiber mat method is adopted.

It is clear from the above graph that the flexibility of the reinforced concrete beam has increased
along with its load carrying capacity after wrapping retrofitting. Especially the beam retrofitted
with glass fiber’s deflection has increased twice than that of the control beam.
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Figure 9. Load vs. Deflection graph of retrofitted beam of (a) Glass fiber mat, (b) Banana fiber
mat.
Conclusion

This experimental study has been carried out to ascertain the performance of the wrapping
retrofitting method with glass fiber and natural banana fiber mat.

1. This investigation indicates that externally wrapped glass fiber mat and banana fiber mat are
an effective method to increase the structural load carrying capacity.

2. Significant increase in ultimate load carrying capacity was found in both the fiber mat
retrofitted method, but Ultimate load carrying capacity of glass fiber wrapping retrofitted beam
specimen has average of around 35% increase compared to the conventional beam.

3. Similarly significant improvement in the beam’s flexibility was found and especially the
beam retrofitted with glass fiber has twice the amount of deflection of control beam before it fails.

4. In allsituations, glass fiber mat wrapping retrofitted method has great performance compared
to the natural banana fiber wrapping retrofitted method, but the natural banana fiber mat
retrofitting method can be adopted in case of ecofriendly and sustainable situation.
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