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Abstract: Reinforced Concrete (RC) is one of the common and widespread building material in the world. Most structures such
as buildings, bridges etc. made up of reinforced concrete as a main construction material but during its entire life span, almost
all engineering structures ranging from an industrial building, residential buildings to power stations and bridges faces
degradation or deteriorations. Among all strengthening techniques, external application of Fiber Reinforced Polymer Sheet to
such deficient structure becoming more and more popular. They are quickly becoming the popular over steel for reinforced
concrete structures. So, there is lots of research work being carried out in all over world in this area. In this study strengthened
with CFRP sheet beam were compared with the control beam and increment to sustain ultimate load observed. By using different
configurations like U wrapping, Full wrapping on both faces & Half wrapping on both the faces, effective solution was
determined.
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L. INTRODUCTION
FRP composite materials are comprised of high strength continuous fibers, such as glass, carbon, or steel wires, embedded in a
polymer matrix. The fibers provide the main reinforcing elements while the polymer matrix (epoxy resins) acts as a binder, protects
the fibers, and transfers loads to and between the fibers
FRP systems have been successfully used to strengthen buildings, bridges, silos, tanks, tunnels, and underground pipes. The higher
cost of FRP materials is offset by reduced costs of labour, use of equipment, and downtime during installation, making them more
cost-effective than traditional strengthening techniques. There are different types of FRPs are available in industry amongst which
mainly using in strengthening are Glass Fiber(GFRP), Kevlar Fiber (KFRP), Carbon Fiber(CFRP) and Aramid Fiber(AFRP).
Replacing deficient structures requires huge investments and is not a viable option, hence strengthening has become the appropriate
way for improving the load carrying capacity and prolonging their service life.

1. REMARKS FROM LITERATURE REVIEW

The significant increase in the shear strength up to 50% can be achieved by bonding CFRP sheets to the sides of the RC beams.

B. FRP application leads to a variation of some of the significant structural aspects like the cracking pattern and deformation levels
in shear reinforcing systems.

C. Diagonal shear cracks become steeper and post cracking stiffness also increases as the amount of longitudinal reinforcement
ratio increases.

D. The result of this study shows that CFRP may be used to increase the strength and stiffness of beams without causing
catastrophic brittle failures associated with this strengthening technique.

E. CFRP wrapped at tension side gives better strength as compared to CFRP wrapped at two parallel sides but gives less strength
as compared to CFRP wrapped at three sides.

F. Due to low temperature resistance, the CFRP systems are not capable of safely and adequately enduring fire for any substantial
period of time.

G. The FRP method triggers premature debonding failure at the mid-span leading to loss of sufficient ductility.

H. With increasing numbers of layers of CFRP sheets, there was increment in strength but in decreasing manner.

I. Itis seen that the failure mode of debonding of CFRP, reduces the effectiveness of CFRP by not utilizing the strength of CFRP.

>
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J.  Overall, there is lack of comparison of different configuration other than full side wrapping and U- wrapping for beams
strengthened in shear.

K. For the strengthened beam, the ultimate strength can have a significant increase in comparison with the normal beam.

L. Crack width decreases due to application of CFRP sheet.

1. MATERIALS & PROPERTIES

A. Cement
For OPC - 53 grade cement:

Table 1 Properties of Cement
Properties of cement as per 1S:1489(part-1) 1991

1 | Sp. Gravity 3.15 --

2 | Standard consistency | 30 --

3 | Initial setting time 135 min | 30 min.

4 | Final setting time 187 min | 600 min.

5 | Le-chetelier soundness | 1.1 mm 10 m max

B. Aggregates

The sand used for the experiments was locally procured and conformed IS: 383 (1970). The sand was first sieved through 4.75
mm sieve to remove any particles greater than 4.75 mm, locally available coarse aggregates having the maximum size of 20 mm
was used in the present work. Testing of fine and coarse aggregates were done as per 1S: 383 (1970).

C. Water
Here, ordinary clean tap water is used to make concrete mix.

D. Concrete

Ultimate strength of concrete also depends on mixing technique, design constituents, placement and curing methods which are
used. After 7 and 28 days compression test of cube was performed to final and validate mix design of concrete. In this research
work M25 grade concrete used.

From results of mix design finalized mix design for this research work is:

VOLUME OF CEMENT | CEMENT | WATER | FINE AGGREGATE (kg) | COARCE AGGREGATE
(kg) (kg) (20 mm) (kg)

1m? 380 178 672.4 1193.37
1 0.47 171 3.14

E. Reinforcement Steel
In this research, TMT (Thermo Mechanically Treated) bars used.

F. Fiber Reinforced Polymer (FRP)
Here, Goldbond 1893 CF unidirectional Carbon Fiber Sheet is used and its properties are:

Figure 1 CFRP sheet
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Table 2 Properties of CFRP

Thickness 0.57 mm
Density 1.80 gm/cm3
Elongation at Break | 1.7%
Tensile Modulus 240 Gpa
Tensile strength 3.8 Gpa

Table 3 Properties of Epoxy

Coats

Properties Goldbond® 1893-Primer Goldbond® 1893-Saturant
Base Epoxide Resin Epoxide Resin

Mix Proportion (By Part A(base): Part B (Curing agent) = Part A(base): Part B (Curing agent) =

Weight) 1:1 1:1
Colour Pale Yellow / Clear Dark
Theoretical Coverage 4-6 sg.mt/ kg 1.5-2.0 sq.mt/ kg
(on smooth concrete)
For Carbon Fiber
Recommended No. of 1 2

Cast epoxy material Properties

Compressive Strength 70 Mpa
Tensile Strength 50 Mpa
Flexural Strength >40 Mpa

Elongation at Break 4 %

(AVA METHODOLOGY

The procedure followed for applying the CFRP sheets to the beam was as following.

A. Preparing the surface of the specimen Surface of the specimen should be cleaned with the help of glass paper to obtain smooth

B

and even surface.

. Application epoxy resin.

Epoxy resin will apply to the specimen in two stages
1) Primer

2)

C.

Saturant: Goldbond® 1893 is a 2-part specialty system comprising of a primer part and a saturant part. Goldbond® 1893

Primer is comprised of a base and curing agent. Goldbond® 1893 Saturant is also comprised of a base and curing agent. First of
all, Primer will be applied to the beam surface. Then after 10 to 15 minutes Saturant will be applied on surface.

Application of CFRP

After applying Saturant CFRP sheet will be placed as per configuration of specimen. CFRP strips/sheets were cut beforehand into
prescribed sizes using appropriate scissors. Then one layer of saturant will be applied.
All CFRP strips/sheets used in strengthening were of Uni-directional. After strengthening, the specimens were left undisturbed in
the laboratory for 1 day before testing to make sure that the epoxy had enough time to cure.
Here 3 different configurations of CFRP sheet is shown:
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Full side Middle half depth U-
wrapping at sides wrapping

.
Figure 2 Full side wrapping

F MAYHWEE
Figure 3 Half side wrapping

Figure 4 U wrapping

V. RESULTS & DISCUSSION
Beams were tested under Universal Testing Machine (U.T.M). The testing procedure for all the specimen was same. Supports
were arranged at distance of 50 mm from the end of the beam. Clear span of the beam is 600 mm. Two-point loading was applied
at the centre of the beam. Displacement at the mid-span was measured by dial gauge. Beams were placed at this U.T.M. and
gradually increased load was applied. First crack load was measured and reading were taken at interval until beam failed. The load
was applied at the rate of 140 kg/cm?as per 1S 516:1959.
In this research work beams of size 150 mm x 150 mm x 700 mm were tested.

A. Shear Beam Control 1 (BSC1)

Control beam was tested for flexure strength under Universal Testing Machine (UTM). Flexural strength and displacement at mid-
span was measured. The load increment was applied as per IS 516:1959. It has been seen that first crack was developed at 73.1 kN.
As load increases, shear cracks in the shear region developed along with minor cracks in the middle flexure region. Further load
increased more crack widen in shear region & finally the beam failed at 135.7 kN and that stage maximum deflection noted as 3.2
mm.
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BSC1 - Load vs. Displacement Graph
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Figure 5 Load vs. Displacement curve for BSC1

B. Shear Beam Full Side of CFRP with Initially Strengthened (BSFS20)

This beam BSFS20 is wrapped with CFRP sheet at its both the faces. It was tested for two-point loading by UTM. Beam was finally
failed at 174.9 kN load and at that time, displacement at mid span was noted 1.80 mm. Here, graph is showing beam & load vs.
deflection behavior respectively for this beam compare to BSC1 (control beam).

BSFS20- Load vs. Displacement curve
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Figure 6 Load vs. Displacement curve for BSFS20

C. _Shear Beam Half Side of CFRP with Initially Strengthened (BSHS30)

This beam BSHS30 is wrapped with CFRP sheet on its both face at middle portion. It was tested for two-point loading by UTM.
Beam was finally failed at 159.1 kN load and at that time, displacement at mid span was noted 2.0 mm. Here, following Table,
photograph & graph is showing beam & load vs. deflection behavior respectively for this beam compare to BSC1 (control beam).
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BSHS30- Load vs. Displacement curve
——BSC1 ——BSHS30
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Figure 7 Load vs. Displacement curve for BSHS30

D. Shear Beam U shape of CFRP with Initially Strengthened (BSU40)

This beam BSU40 was wrapped with CFRP sheet in U shape. It was tested for two-point loading by UTM. Beam was finally failed
at 206.8 kN load and at that time, displacement at mid span was noted 2.8 mm. Here, following graph is showing beam & load vs.
deflection behavior respectively for this beam compare to BSC1 (control beam).

BSHS40- Load vs. Displacement curve
—BSC1 ——BSU40
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Figure 8Load vs. Displacement curve for BSU40

1) Behaviour of Initially Strengthened Beams: Here, all initially strengthened beam were compared to Control beam BSC1.
Highest ultimate load was achieved in U-shape and lowest ultimate load achieved in half side wrapped beam at middle on
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both the faces of the beam.

Behaviour of strengthened beam
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Figure 9 Behaviour of strengthened beam

2) Comparison of Ultimate Load: From the results, it was clear that after strengthening with CFRP sheet ultimate load capacity
of beam was increased. Here in table the results are shown. Highest strength was achieved in U wrapping.

Beam Ultimate load (KN) | % Increase (Compare to BSC1)
BSC1 135.7 -

BFSF20 174.9 28.89%

BSHS30 159.1 17.24%

BSU40 206.8 52.39%

Ultimate load (kN)
250.0

200.0

= 150.0

Load (KN

100.0

50.0

0.0
BSC1 BFSF20 BSHS30 BSU40

Beam

Figure 10 Comparison of ultimate load
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3) Comparison of Ultimate displacement: From the results, it was clear that after strengthening with CFRP sheet ultimate
displacement of beam was decreased. Here in table the results are shown. From graph, highest 43.75% displacement was
decreased in full side wrapping.

Beam Ultimate Displacement (mm) | % Decrease (Compare to BSC1)
BSC1 3.2 -

BFSF20 1.80 43.75%

BSHS30 2.00 37.50%

BSU40 2.80 12.50%

Ultimate Displacement (mm)

Displacement (mm)
o = N w
ol = ol N ol w ol

o

BSC1 BFSF20 BSHS30 BSU40
Beam

Figure 11 Comparison of Ultimate Displacement

VI. CONCLUSION
Following critical remarks observed from this research work was;

A. The ultimate load was enhanced for BSFS20 28.89% in comparison with control beam BSC1, but displacement 43.75%
reduced.

B. The ultimate load was enhanced for BSHS30 17.24% in comparison with control beam BSC1, but displacement 37.50%
reduced.

C. The ultimate load was enhanced for BSU40 52.39% in comparison with control beam BSC1, but displacement 12.50% reduced.

D. So, to obtain maximum strength U wrap is better than another Configurations. We can provide more than 50% shear strength
to beams by using U wrapping method.

E. Also, we can reduce the displacement in beam by using CFRP sheet which gives more stiffness to beam.
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