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ABSTRACT 
Strengthening 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 strengthen the 
existing deficient slabs. The lightweight, high strength and corrosion resistance of FRPs made them particularly suitable for 
strengthening the existing deficient structures. In this study, the performances of the FRP strengthened RC slabs were analysed. 
The main focus of this research is to determine the potential of FRP strengthening for RC slabs. This experimental study presents 
the performance of FRP strengthened RC slabs under static vertical loads. RC slabs were cast with the same reinforcement details 
to study the behaviour of RC slabs strengthened 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. In recent years, many investigations have addressed the 

externally bonded fibre reinforced polymers for strengthening of concrete structures. Miyauchi et al. [8] 

performed uni-axial compression test on concrete columns confined with carbon fibre sheet (CFS) to estimate 

the strengthening effects. In this study, they took into account the compressive strength of the concrete (30 and 

50 MPa), the number of layers and the dimensions of the column (10 x 20 cm and 15 x 30 cm). Test results 

show that the compressive strength of concrete columns strengthened with CFS is enhanced in proportion to the 

number of layers of CFS. Nishizaki and Meiarashi [10] studied the long-term deterioration of GFRP in water 

and moist environment. The main findings are that cracks emerged on the surface of the GFRP specimens and 

that the weight of the specimens decreased during the deterioration test. The bending strength of the GFRP 

specimens dropped compared to initial bending strength values. Arduini et al [1] studied the Performance of one 

way reinforced concrete slabs with externally bonded FRP strengthening. The load carrying capacity was 

increased 122% with the benchmark slab. Analysis of the experimental results demonstrates the effectiveness of 

strengthening technique using FRP laminates. Hadi [6] studied the behaviour of carbon fibre reinforced polymer 

strengthened columns. Results show that wrapping a column with an adequate number of CFRP layers results in 

higher strength, ductility and energy absorption than a column reinforced with steel bars. No crush of concrete 
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and rupture of CFRP composites were observed in column under eccentric loading. Bousselham and Chaallal 

[3] conducted an experimental study on shear resistance of concrete specimens strengthened with externally 

bonded FRP. Test results indicate that the shear resistance of concrete specimens increases when specimens 

strengthened with externally bonded FRP. Ilki et al. [7] studied the axial behaviour of RC columns retrofitted 

with FRP composites. The study concluded that the external confinement of columns with CFRP sheets resulted 

in an increase in the strength and ductility. Eid et al. [5] studied the normal and high strength concrete circular 

elements wrapped with FRP Composites. The test results indicated that the enhancement of the confined 

concrete strength and strain is more pronounced in specimens with normal-strength concrete. It is also indicated 

that the rupture of the FRP in the specimens with higher volumetric transverse steel reinforcement ratios 

corresponds to larger axial compressive strength and strain. Sangeetha and Sumathi [11] investigated the 

behaviour of Glass fibre wrapped concrete columns under uniaxial compression. The study concluded that 

confinement increased the strength of the concrete columns loaded axially. Dai et al. [4] investigated the 

influence of moisture on the bond behaviour of FRP to concrete interfaces. The study showed that all FRP-to-

concrete bonded joints failed at the interface between the primer and concrete after exposure while those not 

exposed usually failed within the concrete substrate. They suggested that the effect of the concrete substrate 

moisture content on short-term interfacial bond performance could be eliminated by using an appropriate 

primer. Balasubramanian et al. [2] have studied and presented an experimental investigation on the behaviour of 

retrofitted beam-column joints subjected to cyclic loading. The joints were strengthened with four different 

retrofitting strategies. The results obtained from the experimental investigation give better understanding of the 

strengthening and repair methodology of FRP strips, FRP sheets, MS flats and embedded additional 

reinforcement in RC beam-column joints under cyclic loading. The progressive damage in the strengthened 

elements can also be well predicted. Murugan et al. [9] conducted experimental investigation on compressive 

behaviour of concrete cubes confined with glass and carbon fibre reinforced polymers. Experimental results 

show that the specimens wrapped with carbon fibre reinforced polymers have higher compressive strength than 

the specimens wrapped with glass fibre reinforced polymers in both single and double plies for wrapping after 7 

and 28 days of water curing. Similarly orientation of fibre wrapping perpendicular to loading has higher 

compressive strength than the orientation of fibre wrapping parallel to loading for both CFRP and GFRP 

wrapping.  

 

Material Properties:  

Concrete: 

The characteristic compressive strength of concrete used for the study was 35N/mm2. 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 46.12 N/mm2. 

 

Reinforcement: 

The yield strength of steel used for the study was 415 N/mm2. 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 
BFRP AFRP 

Unidirectional  Bi directional  

Weight of fibre (g/m2) 330 227.5 

Fibre thickness (mm) 0.6 0.33 

Nominal thickness per layer (mm) 1.0 1.0 

Fibre tensile strength (N/mm2) 4840 3900 

Tensile Modulus (N/mm2) 86000 131000 

 

3. 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 

 

Fibre Reinforced Polymer Wrapping:  

The following steps were followed for FRP wrapping.  

 

Rubbing: 

The surfaces of the 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.3 shows the rubbing of RC slab 

with emery sheet. 
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Fig. 3: 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.4 shows the application of Nitowrap 30 epoxy primer over the slab surface. 

 

  
 

Fig. 4: Nitowrap 30 epoxy primer application 

 

Saturant Coating: 

The 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.5 shows the mixed material of Nitowrap 410 saturant is applied over 

the tack free primer. 
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Fig. 5: 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 (¼)th  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.6 shows the FRP wrapped RC slabs. 

 

  
 

Fig. 6: FRPs wrapped 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.  
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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.7. 

 

 
 

Fig. 7: Test setup 

 

Frp Strengthened Rc Slabs Subjected To Vertical Loads: 

Experimental investigations have been conducted on 5 slabs. Out of the 5 slabs, one reference slab was 

tested without any wrapping and the remaining 4 slabs were wrapped with FRP composites. Table 2 presents the 

different type of FRP wrappings. Fig.8 shows the FRP wrapped RC slabs. Table 3 presents the vertical load 

carrying capacity of FRP strengthened slabs subjected to static vertical loads. 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.   

 

 
a) Unwrapped 

 
b) Uni-BFRP 

 
e) Bi-AFRP 

Fig. 8: FRP wrapped RC slabs subjected to static vertical loads 
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Table 2: Types of FRP wrapping (strengthened slabs subjected to static vertical loads)   
Type Types of wrapping 

a Unwrapped slab 

 

b Unidirectional BFRP wrapped slab (Uni-BFRP) 

c Bidirectional AFRP wrapped slab (Bi-AFRP) 

 
Table 3: Vertical load carrying capacity of FRP strengthened slabs subjected to static vertical loads 

Type 

Single ply 
 
Double plies 

Ultimate 
Load (kN) 

Max. vertical displacement 

at the middle of the slab 

(mm) 

Ultimate 
Load (kN) 

Max. vertical displacement at 

the middle of the slab 

(mm) 

Unwrapped slab 47.08 12.2 47.08 12.2 

Unidirectional BFRP wrapped slab 

(Uni-BFRP) 
65.24 5.4 

 
84.56 

 

2.8 

Bidirectional AFRP wrapped slab (Bi-

AFRP) 
61.56 6.1 76.32 3.3 

 

Conclusion: 

Five RC slabs were cast to study the behaviour of FRP strengthened RC slabs subjected to static vertical 

loads. The experimental results indicate that the slabs wrapped with FRPs have higher strength than the 

unconfined slabs. The experimental results show that specimens wrapped with BFRP have higher strength than 

those confined with other FRPs 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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