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Abstract

Now a days, many of these structures have reached the end of their planned service life. Therefore there is a need for repairing
and rehabilitation to strengthen the structures. A technique used for strengthening concrete structures is retrofitting. In this paper,
retrofitting is done by wrapping and strengthening the concrete surface by Glass Fiber Reinforced Polymer sheet (GFRP) using
binders. In this work two types of binder are used namely epoxy and cementitious composites. Generally epoxies have a good
bonding capacity and also good approach to strengthen the structures, but have some drawbacks in form of incompatibilities with
the base concrete. To overcome this, new class composite called Mineral based composites are being used. From the result, it
was concluded that compressive strength and stiffness for concrete using MBC as binders are comparable with epoxy binders
apart from being economical and nonhazardous. It also inferred that strength increases with increase in number of layers of
wrapping.
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I. INTRODUCTION

A large number of today’s buildings, transportation system and utility facilities are built with reinforced concrete and many of
these structures are currently reaching the end of their expected service life. Due to traffic flows and additionally increased loads,
the structure gets damaged and also strength and durability of structures affected. To rectify this problem there are two possible
solutions to avoid the ongoing deterioration and to increase the strength and durability of structures.

First one is replacement and another one is retrofitting. In full structure replacement have many drawback such as high cost for
materials and labours, inconvenience due to interruption of the functions of structures. Therefore, it is better to repair or upgrade
the structure by retrofitting. In retrofitting, there are several methods adopted such as enlarging the cross section element,
shortening the span by providing the supports, external or internal post tensioning and steel plate bonding or Fibre reinforced
polymer composite.

To upgrade and rehabilitating the structures externally bonded FRP system is an effective method for repairing and
strengthening the structures. This can be done by bonding the sheets with the use of epoxy as the bonding agent. Epoxy provides
good bond strength to concrete and also it transmits a load. However, the use of epoxy agent has several drawbacks.
Thermosetting epoxies are considered toxic and cause irritation and eczema when in contact with skin. This leads to restriction in
the working environment. Additionally, epoxies create diffusion tight surface which may lead to moisture and freeze and thaw
problems, in particularly for concrete structures and also cannot be applied on the wet surfaces. Using a mineral based
composites, above mentioned drawbacks are rectified.

Il. LITERATURE REVIEW

Marco et al (2010) found thatthe BRM (Basalt reinforced Mortar) confining system could provide a good solution to enhances
the compressive strength and ductility of concrete members and it helps to overcome the limitations of epoxy-based FRP
laminates. Hwai-Chung Wu et al (2010) concluded that it is feasible to make cement-based composite sheets for in-situ structural
retrofit. It is observed that bonding is excellent and no delamination is noted in the case of the CFRC beams. Thomas Blanksvard
et al (2009) suggestedthat MBC (Mineral based composites) systems are considered environmentally friendly and have a high
compatibility with the base concrete. The stiffest mortar showed best results. Suggested for incorporation of more fibers or fibers
with higher stiffness to enhance the performance of the MBC system.

Francisco J. De Caso y Basalo et al (2009) found that the use of fiber architecture with clear spacing between individual
rovings, such as the low density glass fiber sheet, allowed for a more effective impregnation of cement mortar. Siavashhashemi
et al (2008) concluded that micro cement added mortargives better flexural performance and load carrying capacity for any type
of FRP sheet. D.A. Bournas et al (2008) suggested that TRM (Textile reinforced mortar) jacketing provides good confinement of
poorly detailed reinforced concrete columns in seismic regions .BjornTaljsten et al (2007) introduced anew acronym MBC
mineral-based composites. The brittle failure mode was noted for the slab strengthened with CFRP using epoxy binders, whereas
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ductile failure mode was noted for the slabs with mineral based binders. Johansson et al (2005) found that the analytical equation
which predicts the maximum shear stress in FRP systems can be used for the mineral based systems and similar results can be
obtained. Stephen Kurtz et al (2001) found that the post yield stiffness is high for inorganic binders. Deflection of the beam with
the inorganic binders was 25% less than that of the beam with the organic binders and no delamination is noted.

The compressive strength of the structural elements was studied by strengthening the control specimens, which predicts a
higher percentage of increase in strength and stiffness. To have the exact effect of restoration in strength characteristics,
specimens are damaged, repaired, cured, wrapped and tested. The strength and stiffness of wrapped control and damaged
cylinders using mineral based composites as binders are compared with epoxy binders.

A. Materials

Portland pozzolana cement was used obtained by adding ordinary Portland cement clinker with 10 to 25% of pozzolanic
materials. Sand used for the experimental program was locally procured and conformed to Indian Standard
Specifications IS: 383-1970. . Fine aggregate was tested as per IS 2386-1963. The fine aggregate belongs to grading zone II.
.coarse aggregate having the maximum size of 20 mm and tested as per Indian Standard Specifications IS: 2386-1963.
Metakaolinis a dehydroxylated form of the clay mineral kaolinite. The particle size of metakaolin is small when compared to
cement. SUPERPLASTICIZERS were used to increase the workability. GLENEIUM B233 admixture is used in this project
based on polycarboxylic and it is compatible with all types of cements. Woven Roving glass fiber sheets are made from glass
fiber and its compatible with all types of resin. It is used to increase the strength.

Table—1
Properties for materials used in study
S. No. Properties Observed value
1. Specific gravity of cement 3.1
2 Specific gravity of fine aggregate 2.64
3. Specific gravity of Coarse aggregate 2.6
4. Specific gravity of Metakaolin 2.5
5. Specific gravity of fly ash 2.2
6. Specific gravity of Superplasticizer 1.08
7. Specific gravity of VMA 1.01

I1l. EXPERIMENTAL INVESTIGATION

Cylinder compressive strength tests were carried out on cylinder specimens of size 150 mm diameter and 300 mm height at the
age of 28 days curing, using compression testing machine of 3000 kN capacity.

A. Wrapping the Cylinder with GFRP Sheet

The wrapping was done on the tested specimens to study the strength-related properties of Glass sheet using epoxy and MBC
binders.

#. Using Epoxy as a Binder

Specimen were cured for 28 days and dried for the surface to be free of any moisture. Surface was prepared by rubbing with sand
paper and loose particles were removed using brush Resin and hardener are mixed in proportion of 100:35 by weight and mixed
continuously for 5 minutes to have uniform colour. One coat of epoxy was applied on the surface of cylinder, Cylinder was
wrapped with glass fiber sheet having an overlap of 75mm to avoid failure in overlap region. One more layer of epoxy was
applied and specimen was cured for 7 days

. Using Cement Composites as Binder

Surface was made smooth by rubbing with sand paper. Cement and Metakaolin are mixed with water and super plasticizers and
VMA are added to increase the workability. The amount of super plasticizers and VMA used were 0.3 and 0.004% of cement.
The water to cement and metakaolin ratio was taken as 0.28.0ne coat of cement composites was applied on the surface of
specimen and it was wrapped with glass fiber sheet having an overlap of 75mm to avoid failure in overlap region. One more
layer of composites was applied and specimen was cured for 7days.

£, Testing of Wrapped Cylinder

Control specimens were tested up to failure. Specimens were loaded up to first crack then the cracks were repaired with cement
mortar and cured for seven days. Finally, specimens were wrapped with one and two layers of GFRP and it was tested.
Specimens were loaded up to full failure and repaired were done and cured for seven days and it was wrapped and tested.
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Fig. 1: Wrapped Cylinder using Epoxyas a binder

1V. RESULT AND DISCUSSION

Fig. 2: Wrapped Cylinder using MBC as a binder

The compressive strength and stiffness of specimens obtained from the MBC is comparable to that of Epoxy. Based on the
cylinder testing results it has been chosen to wrap the concrete elements with double layer because this layer shows higher
strength while using MBC as bonding agent. The compressive strength of wrapped cylinders are given below the table. Failure of
sheet was accompanied by cracking sound which indicates the failures of fiber glass sheets.

Table - 2

Compressive Strength of Wrapped Cylinders

Load (kN)

Compressive strength (N/mm?)

S No. | Cylinder Specimen (150mm x 300mm) Epoxy (28 days) | MBC (28 Days) | Epoxy (28 days) | MBC (28 Days)
1. Control 425.05 365.23 24.22 20.67
2. Control with single wrapping 712.1 512 40.29 2.97
3. Control with double wrapping 1148.043 857.11 64.96 48.5
4, 1%t crack with single wrapping 425.29 313.6 24.07 17.76
5. 1%t crack with double wrapping 564.6 365.69 31.9 20.69
6. Failure with single wrapping 368.54 276.187 20.85 15.62
7. Failure with double wrapping 413.6 326.69 23.40 18.48
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Fig. 3: Specimen with single wrapping
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Fig. 5: Specimen with double wrapping

V. CONCLUSION

The work has been carried out to strength the damaged cylinder with glass fiber sheet using Cementitious binder and epoxy
binder compared with control specimen. From the test results, the compressive strength for epoxy is more when compare to the
cementitious composites. The stiffness of the specimens obtained from the MBC is comparable to that of Epoxy binder. The
compressive strength of the wrapped cylinder increases while increasing the layer of glass fiber sheets for both binders.
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