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ABSTRACT

Retrofitting of such RC slab is important to resist the increased loads due to changes in the use of the structure, or to address the
design or construction errors. In recent years, Fibre Reinforced Polymer (FRP) jacketing has become popular to retrofit the
existing deficient slabs. The lightweight, high strength and corrosion resistance of FRPs made them particularly suitable for
retrofitting the existing deficient structures. In this study, the performances of the FRP retrofitted RC slabs were analysed. The
main focus of this research is to determine the potential of FRP retrofitting for RC slabs. This experimental study presents the
performance of FRP retrofitted RC slabs under static vertical loads. RC slabs were cast with the same reinforcement details to
study the behaviour of RC slabs retrofitted with FRPs. The parameters that are varied in this study are wrapping materials (which
include basalt and aramid fibre reinforced polymers). Experimental results indicate that BFRP wrapped RC slab shows more load
carrying capacity and unwrapped slab shows less.
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INTRODUCTION

Slabs should resist not only vertical loads but also vertical movements and hence it is important to improve
the load carrying capacity of the RC slabs. To offset this problem, a relatively new trend in structural industry is
to use a fibre reinforced polymer composite materials. The technology of external retrofitting was first
developed in Japan (sheet wrapping) and Europe (laminate bonding). FRPs are normally used in the form of
sheets, plates and prefabricated shells as externally bonded repair materials. The fabrication procedure, together
with curing conditions and installation process, greatly influences the properties and functionality of the final
product and therefore it should be performed under close supervision. In recent years, many investigations have
addressed the externally bonded fibre reinforced polymers for retrofitting of concrete structures. Triantafillou
and Antonopoulos [11] tested the concrete split tensile members strengthened in shear with FRP. Experimental
results show that FRP strengthening improves the shear capacity of split tensile members. Teng and Lam [10]
conducted an experimental study on FRP-confined concrete elliptical columns. Test results indicate that the
confining FRP becomes increasingly less effective as the section becomes more elliptical, substantial strength
gains from FRP confinement can still be achieved even for strongly elliptical sections. Lamanna et al. [3]
carried out an experimental work on split tensile strengthening of reinforced concrete specimens by
mechanically attaching fibre-reinforced polymer strips. It has been observed that mechanically attached FRP
strips showed a greater ductility than the specimen strengthened with a bonded FRP strip. Saenz and Pantelides
[6] studied the short and medium term durability evaluation of FRP-confined circular concrete specimens.
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Experimental results show that the overall stress—strain behaviour of FRP-confined concrete does not change
fundamentally with environmentally induced stresses such as interior freeze—thaw cycling in salt-water and
exterior exposure. However, different levels of environmental exposure significantly affect the absolute values
of stress—strain response including ultimate axial strain and axial strength of FRP-confined concrete specimens.
Eshghi and Zanjanizadeh [2] investigated the flexural strength and ductile capacity of GFRP confined concrete
columns. Retrofitted columns demonstrated that GFRP sheets by proper confinement prevented buckling,
slippage or bond failure of longitudinal bars or any brittle damage in critical zones. Aldajah et al. [1] studied the
impact of sea and tap water exposure on the durability of GFRP laminates. The study showed that sea water and
tap water have a negative impact on the durability of GFRP laminates. They both made the laminates loose most
of the flexure stiffness during the first 500 hours of exposure time. SEM pictures showed that the major
contributor of the stiffness loss is the adhesion loss between the fibres and the polymer. Additionally, the
polymeric matrix deteriorated to the water absorption. Merah et al. [4] studied the natural weathering and sea
water effects on the durability of glass fibre reinforced vinylester. Experimental results show that the natural
outdoor weather and sea water immersion conditioning of GFRV samples revealed an increasing trend in tensile
strength up to 12 months. Silva and Biscaia [9] studied the effects of exposure to saline humidity on bond
between GFRP and concrete. Result shows that the salt water immersion caused improvement of concrete
properties, higher plasticization of interface and a more evenly distributed stresses, with failure resulting from
tensile fracture of adjacent layer of concrete. Sampath Rao et al. [7] conducted experimental investigation on the
strength degradation of GFRP laminates under environmental impact. From the investigation it is observed that
there was a remarkable reduction in mechanical strength subjected to different environmental conditions. Sena-
curz et al. [8] investigated the effectiveness of various strengthening techniques on flexural behaviour of beams
subjected to monotonic and fatigue loading. Experimental results show that strengthening of beams improves
the flexural strength under monotonic and fatigue loadings. Murugan et al. [5] have studied flexural behavior of
concrete prisms confined with FRP composites. Result shows that the specimens wrapped with CFRP have
higher compressive strength than the specimens wrapped with GFRP in both single and double plies for
wrapping after 7 and 28 days of water curing. Similarly orientation of the fibres along the length of the prisms
has higher flexural strength than the orientation of the fibres along the depth of the prisms for both CFRP and
GFRP wrapping.

Material Properties:
Concrete:

The characteristic compressive strength of concrete used for the study was 35N/mm?. The mix ratio adopted
for casting the specimens was 1: 1.15: 2.36 (Cement: Fine aggregate: Coarse aggregate) with water-cement ratio
of 0.36. The compressive strength of cubes after 28 days water curing was 46.12N/mm?,

Reinforcement:
The yield strength of steel used for the study was 415 N/mm?. 6 mm bars at 150 mm centre to centre in both
ways were used as reinforcement with a clear cover thickness of 12 mm.

Fibre Reinforced Polymer (FRP):
Basalt and aramid fibre reinforced polymers were used in the study. Properties of BFRP and AFRP
materials are given in Table 1.

Table 1: Properties of FRP material

Properties BFRE - A.F R.P -
Unidirectional Bi directional

Weight of fibre (g/m?) 330 2275

Fibre thickness (mm) 0.6 0.33

Nominal thickness per layer (mm) 1.0 1.0

Fibre tensile strength (N/mm?) 4840 3900

Tensile Modulus (N/mm?) 86000 131000

Casting Of Rc Slabs:

600 mm x 600 mm size with 60 mm thick RC slabs were cast using wooden moulds

Steps followed for casting the slabs:

The following steps are followed to cast the RC slabs.

Concreting:

Fabricated reinforcements were inserted in the wooden mould and concreting was done. Reinforcement was
centered and sufficient clear cover (12mm) was given during concreting. Concreting was carried out with
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wooden mould. The interior of the wooden mould was applied a liberal coat of lubricating oil to prevent
concrete from adhering to the mould. The designed concrete mix was filled into the moulds in layers. Adequate
compaction was carried out to avoid formation of honey comb. Fig.1 shows the concreting of RC slab.

Fig. 1: Concreting of RC slabs

Curing:

Slabs were immersed in water for curing immediately after demoulding. Water Curing was carried out for a
period of 28 days to maintain a satisfactory moisture content and temperature in the concrete to gain the strength
and other properties of concrete. Fig.2 shows the water curing of concrete slabs.

Fig. 2: Curing of RC slabs

Experimental Set Up And Procedure:
Vertical load application:

Static vertical load test was performed. The slab was loaded vertically at middle of the slab. The vertical
load to the slab was applied through a hydraulic jack, which was placed between the supporting and testing
slabs. The capacity of the jack is 100 kN and ram diameter is 75 mm with 150 mm ram travel. The jack is
connected to a hydraulic pump. The load applied is displayed on pressure gauge and also measured through
control instrument.

Installation of Dial Gauges:

A dial gauge was installed to measure the vertical displacement of slab at middle (under the loaded point).
Dial gauge used for these tests were accurate to 0.01 mm. Dial gauge was clamped on specially fabricated steel
frame.

Loading Procedure / Loading Sequence:
Continuing Load Method was adopted in the test. In this method, gradual increment of test load was applied
and the corresponding displacement was measured using dial gauges.

Displacement Measurement:
The displacement values were measured and recorded at each load stage. Test set up is shown in Fig.3.
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Fig. 3: Test setup

Frp Retrofitting:

In order to understand the effectiveness of FRP in slab retrofitting, experimental investigations were carried
out on damaged slabs. Four slabs were cast for this study and these slabs were loaded up to 85 % of the actual
ultimate load. The ultimate load was taken as experimental ultimate load of unwrapped slab (Ref. Table 3).
After application of the 85 % ultimate load, the slabs were wrapped with FRPs.

The following steps were followed for FRP retrofitting.

Rubbing:

The surfaces of the damaged RC slabs were rubbed to remove loose and deleterious material from the
surface with a silicon carbide waterproof paper sheet. It causes the epoxy to stick to the surface nicely and there
is no loosening, or layer formation which might make the process less effective. Fig.4 shows the rubbing of RC
slab with emery sheet.

Fig. 4: Rubbing of RC slab with emery sheet

Primer Coating:

The mixed material of Nitowrap 30 epoxy primer was applied over the prepared and cleaned surface.
Nitowrap 30 epoxy primer was applied over the slab using a brush and allowed for drying for about 24 hours
before application of saturant. Fig.5 shows the application of Nitowrap 30 epoxy primer over the slab surface.
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Fig. 5: Nitowrap 30 epoxy primer application

Saturant Coating:

The damaged concrete slabs were cleaned and completely dried before the saturant was applied. The
saturant system used in this work was made of two parts, namely, resin and hardener. The components were
thoroughly hand mixed for 3 minutes before application. Fig.6 shows the mixed material of Nitowrap 410
saturant is applied over the tack free primer.

Fig. 6: Nitowrap 410 saturant application

FRP wrapping:

The first coat of saturant was applied over the primer coat and FRP sheet was then wrapped directly on the
surface. A special attention was paid to ensure the absence of voids between the FRP sheet and concrete surface.
A special roller was used to remove the entrapped air bubbles and press the resin to penetrate into the fabric.
The roller was continuously used until the resin was reflected on the fabric surface, an indication of fully
wetting. Finally, a resin layer was used on the surface of the wrapped slabs. FRP layer was wrapped with an
overlap of (%)™ of the length to avoid sliding or debonding of fibres during tests and to ensure the development
of full strength. The wrapped slabs were left at room temperature for 7 days for the epoxy to harden adequately
before testing. Fig.7 shows the FRP wrapped RC slabs.
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Fig. 7: FRPs wrapped RC slabs

Frp Retrofitted Rc Slabs Subjected To Static Vertical Loads:

In Fig.8, the slabs were subjected to 85 % of ultimate vertical load (damage induced) and in Fig.9 the
retrofitted slabs were subjected to vertical load. The different types of FRP wrappings are presented in Table 2.
Table 3 presents the vertical load carrying capacity of FRP retrofitted slabs subjected to static vertical loads.

Table 2: Type of FRP wrappin
Type Types of wrapping

Unidirectional BFRP wrapped slab (Uni-BFRP)

Bidirectional AFRP wrapped slab (Bi-AFRP)

a) Before wrapping a) After wrapping with
Uni-BFRP

b) Before wrapping b) After wrapping with Bi-
AFRP

Fig. 8: Unwrapped slabs | Fig. 9: Retrofitted slabs
subjected to vertical loads subjected to vertical loads
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Table 3: Vertical load carrying capacity of FRP retrofitted slabs subjected to static vertical loads

Single ply Double plies
. Max. vertical displacement . Max. vertical displacement at

Type Ultimate atthe middle of theslab [0 Lmate the middle of the slab

Load (kN) (mm) Load (kN) (mm)
Unwrapped slab 47.08 12.2 47.08 12.2
Unidirectional BFRP wrapped slab 6.8 b5
(Uni-BFRP) 53.10 ’ 63.82 '
Bidirectional AFRP wrapped slab (Bi- 75 9
AFRP) 51.02 ’ 60.58 '

At each stage of loading, vertical displacement of slabs were measured. Results indicate that slab wrapped

with unidirectional BFRP mat was shown high vertical load carrying capacity than other slabs.

Conclusion:

Five RC slabs were cast to study the behaviour of FRP retrofitted RC slabs subjected to static vertical loads.

The experimental results indicate that the slabs wrapped with FRPs have higher strength than the unwrapped
slabs. The experimental results show that specimens wrapped with BFRP have higher strength than those
wrapped with AFRP and double plies have higher strength than the single ply. The experimental results show
that the strength of FRP wrapped concrete slabs depends on the grade of concrete, type of FRP material, fibre
orientation, thickness of FRP layer and number of FRP layers.
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