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Abstract: 

Reinforced concrete is most commonly used structural material in the construction industry. It has some properties which make s it 

an important material in construction industry such as its easy construction, its beneficial mechanical p roperties which  develop 

after hardening and it is commonly  seen that concrete is a durable, maintenance-free construction material. In several cases 

concrete shows deficiency in its property where it cannot perform as well as expected. This  may be the result of the insufficient 

consideration of durability during the design process, the inadequate execution and the maintenance. Therefore, repair or 

strengthening of a concrete structure may be necessary. During last few decades the use of fiber reinforced polymers (FRPs) for 

retrofitting and strengthening has become a valid alternative material because of its relative ease of application. FRP’s  is not only 

having the advantage of very high strength over conventional materials, but also are light  in weight and highly durable in severe 

environmental condition. The light weight of FRP makes rehabilitation techniques much easier in limited spaces. In addition , 

there is no need to have large machineries for FRP applicat ion. The strength and stiffness of a structure can be increased with very 

litt le increase in mass which is specifically advantageous from the seismic perception. Fiber Reinforced Po lymers (FRP) used to 

strengthen RC structures such as bridge girders, p iers, beams, columns, slabs, beam-co lumn jo ints as well as masonry structures is 

under experimental investigation and tests has been conducted around the world to examine the behavior of structural members 

strengthened by using FRP sheets. The objective of the work is to study the behavior of one way slab specimens strengthened 

with externally bonded Basalt Fiber Reinforced Polymer (BFRP) fabric which is the new composite material in the field of FRP 

strengthening technique.  
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I. INTRODUCTION 

 

Concrete structures gets week fo r several reasons and 

improvement or retrofit has been carried out by steel p lates 

bonding using epoxy resins. Drawbacks in the use of steel 

plates contain handling, transportation and installation of huge 

plates, limited length, corrosion and time consuming. The use 

of polymer composite materials overcomes these problems 

and offers similarly  satisfactory exp lanations. Fiber 

Reinforced Po lymer (FRP) materials has many qualities such 

as high strength to weight ratio, corrosion resistance and also 

low maintenance cost. FRP materials have better mechanical 

and physical properties compared to steel, main ly with its 

tensile and fatigue.Studies have shown that the fiber 

reinforced polymer (FRP) improves strength of the members 

satisfactorily. A Study conducted by Samir et al. (2014) using 

CFRP laminates showed the sufficient increase in first crack 

and ultimate load carrying capacity of about 167% an 164% 

respectively. The strengthening of slabs with CFRP in 

combination with overlay concrete gave the fine results as 

well. Ozgur et al. (2013) investigated on the performance of 

one way slab with and without opening using CFRP strips. 

The result of the investigation showed that the slabs with 

opening improved load carrying capacity and stiffness of the 

specimen. By  the use of CFRP ultimate load carry ing capacity 

and stiffness were improved, about 16% of flexural crack and 

48% of shear crack in load carry ing capacity was increased 

and about 22% of flexural crack and 5% of shear crack in 

ultimate stiffness was increased in the member. Waleed et al. 

(2005) investigated the repair and structural performance of 

Initially cracked slab with d ifferent techniques of 

strengthening such as injecting epoxy, grouting, using CFRP 

strips, expansion of section and using ferro cement overlay. 

The specimens were casted and tes ted till failure and response 

of the specimen observed were strain in member, deflected 

behavior, ultimate load and failure pattern. The study showed 

that the specimen  strengthened with CFRP gave the better 

results as compared to the control specimen. Based on the 

literature an attempt is made to study the behavior of concrete 

slabs using Basalt FRP wraps. The objective of the current 

study is to obtain the ultimate loading capacity, load deflection 

behavior and crack pattern of the Basalt FRP strengthened slab 

specimens compared with control specimen. The graph were 

plotted to compare with control specimen.  Finally the 

conclusion was drawn from the results obtained result values. 

 

II. MATERIALS AND EXPERIMENTAL PROCEDURE  

 

Materials – The slab specimens were casted using the 

concrete of grade M20. The ingredients used are ordinary 

Portland cement of grade 53, river sand, and course aggregate 

of size 20mm and down. Concrete mix was carried out as per 

Indian Standards and concrete mix proportion is found to be 

1:1.79:2.76 with a water-cement ratio of 0.50. Steel of grade 

Fe-500 and 8mm diameter reinforcement bars were used. The 

FRP used was Basalt Fiber Reinforced Polymer (BFRP) BF-

UD 250 fabric with density of 2.63 kg/dm
3
 and tensile strength 

of 4840 Mpa. Epoxy and Hardener used was Epoxy Resin 520 

of type solvent modified resin  and Hardener D of type 

Polyamine with the manufactures specifications of specific 

gravity of 1.15-1.18 and 0.98±0.1 respectively, the mix 

viscosity at 27
o
c was 650±100 mPa.s (millipascal second). The 
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specification for mix ratio of epoxy with hardener D was 

100:18 p.b.w (part by weight).  

  
Test s pecimen – A total of seven specimens were casted and 

tested. Specimens were of d imension 1300 mm x 300 mm x 

75 mm each. All the specimen diment ions were kept constant. 

Out of seven specimen one was control specimen designated 

as CB and remaining six specimen were g rouped into two. 

Group-I specimen  is of 60mm alternate strip  wrapping with 

varying number of layers from one to three and were 

designated as SW-I for one layer, SW-II fo r two layer and 

SW-III for three layer of Basalt FRP wrapping. Group-II 

specimen is of full wrapping of specimens with varying 

number o f layers from one to  three and were designated as 

FW-I for one layer, FW-II for two layer and FW-III for three 

layer of Basalt FRP wrapping. Cube specimens were also 

casted for the compressive strength testing. The cubes were 

casted from the concrete which was mixed for casting of the 

specimen. The average of cubes were considered as the 

charcteristic compressive strength of the specimen casted.  

The average characteristic compressive strength of the cubes 

was 29.00 N/mm
2
. 

  

Casting and Curing  –The mould was prepared as per the 

required dimension of the slab. The reinforcement bars were 

cut into required length and steel skeleton was prepared using 

binding wire with 25 mm cover to the steel skeleton. The 

concrete mix as per the obtained mix proportion was mixed 

thoroughly for four to five minutes. As the mixing was 

complete it was placed into the mould carefully which 

contained the steel reinforcement without disturbing the 

provided cover to the steel and compacted manually without 

disturbing the steel reinforcement. The top surface of the 

specimen was leveled  to give un iform fin ish. The specimen 

were left  in  mould for 24 hours and mould  was removed and 

placed in the curing tank for 28 days. 

 

Strengthening of S pecimen – After the curing of 28 days the 

specimens were taken out from the curing tank an allowe d to 

dry for one day before  the applicat ion of Basalt FRP. Then the 

specimen the bottom surface of the specimen were cleaned 

and the mixture of epoxy resin and hardner was applied on 

surface and the fabric was pressed against the epoxy resin 

applied and allowed it to cure for 1 day. The process was 

repeated for all the specimen. 

 

Instrumentation and Loading Pattern – The slab specimens 

were tested in 50 kN loading frame. The slabs were placed on 

the support with an effective span of 1200mm c/c. Two point 

loading was applied along the shorter direct ion of the slab at 

one third distance from the each support. The load was applied 

by hydraulic jack of 50 kN capacity. LVDT’s were used at the 

bottom mid  span and under the point load of the slab to record 

the deflection of the slabs. The behavior of the slab was 

observed closely throughout the test. The crack initialization 

and propagation was recorded as the load was increased. The 

load applicat ion was continued till the failure of the specimen. 

Figure 1 shows the test setup. 

 

 
Figure .1. Test setup 

 

III. TES T RES ULTS  AND DIS CUSSION 

 

Ultimate Load Carrying Capacity – The load carrying  

capacity of the control specimen  and strengthened specimen  

was recorded and graph was plotted. Figure 2 shows the 

ultimate load carrying capacity of Group-I specimens and 

control specimen. It can be seen from figure 2, that the 

ultimate load carrying capacity of the specimen strengthened 

with strip wrapping shows better performance when compared  

to control specimen. The ult imate load carry ing capacity of 

CS, SW-I, SW-II and SW-III were found to be 35kN, 38kN, 

40kN and 45kN respectively. It  can be seen that as the number 

of layers increases ultimate load carry ing capacity also 

increased maximum load carry ing capacity was increased in  

SW-III compared to CS, SW-I and SW-II respectively. Th is 

shows that the slabs can be strengthened using Basalt FRP.  

 

 
Figure.2. Ultimate load of group-i and control s pecimen 

 

From figure 3 it can be seen that the ultimate load carrying 

capacity of the specimens strengthened with fully wrapped 

specimens better performance when compared to CS, SW-I, 

SW-II and SW-III. The u ltimate carrying capacity of FW-I, 

FW-II and FW-III were found to be 40kN, 45kN and 50kN 

respectively. It can be seen from graph that as the number of 

layers increases ultimate load carry ing capacity also increased 

maximum load carry ing capacity was increased in FW-III 

compared to CS, FW-I and FW-II respectively. This shows 

that the slabs can be strengthened using fully  wrapped Basalt 

FRP. 

 

 
Figure.3.Ultimate Load of Group-Ii and Control Specimen 
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Figure 4 shows the ultimate load carrying capacity of  CS, 

Group-I and Group-II specimens. Comparing CS, Group-I and 

Group-II specimens FW-III is showing better performance 

compared to others i.e. maximum load of 50kN with the fully  

wrapped BFRP was observed. This shows that slabs wrapped 

fully with BFRP performs better compared to strip wrapping.  

 
Figure .4. Ultimate loads of all specimens  

 

Load Deflection Curve – The load v/s deflection variations of 

all the slabs specimens were recorded and p lotted. Figure 5 

shows the load deflection curve o f control specimen and 

Group-I specimens at the central span. It can be seen from 

graph that, the specimens strengthened with strip wrapping 

shows better performance when compared  to control 

specimen.  The deflect ion of CB, SW-I, SW-II and SW-III at 

35 kN of load were found to be 36.7 mm, 22.6 mm, 13.5 mm 

and 13.3 mm respectively.  

 
Figure.5. Load deflection comparison of cs and group-i 

 

Figure 6 shows the load deflection comparison between 

control specimen and Group-II specimens at the central span. 

It can be seen from graph that the specimens strengthned with 

fully wrapping shows better performance when compared to 

control specimen and Group-I specimens. The deflection of 

CB, FW-I, FW-II and FW-III at 35 kN of load were found to 

be 36.7 mm, 12.2mm, 14.6mm and 11.4 mm respectively. 

 
Figure.7.Load Deflection Comparison of Cs and Group-Ii  

Figure 8 shows the comparison of the load deflection curve at 

central deflection of all the specimens. The deflection of the 

strengthened specimens was less as compared to that of the 

control specimen for example at the load of 30 kN the 

deflection of the control specimen is 17.2 mm whereas the 

deflection of all other strengthened specimens were less than 

17.2 mm. 

 

 
Figure.6.Load Deflection Comparison At Centre  

 

IV. CO NCLUSIONS 

 

Based on the experimental results  the following conclusions 

could be drawn: 

1. The specimens strengthened with Basalt FRP performed 

better when compared to that of control specimen.  

2. In Group-I specimens the maximum load carrying 

capacity recorded was 28.60%. 

3. The specimen strengthened using strip Basalt FRP 

wrapping with three layers (SW-III) gave the deflect ion of 

13.3 mm at 35kN of load whereas the control specimen 

CS showed 36.7 mm deflect ion.  

4. In Group-II specimens the maximum load carrying 

capacity recorded was 42.90%. 

5. The specimen strengthened using fully Basalt FRP 

wrapping with three layer (FW-III) gave the deflection  

11.4 mm at 35kN of load whereas the control specimen 

CS showed 36.7 mm deflect ion.  

6. The failure was observed with good visual deflection at 

the ultimate failu re load. 

7. The results showed considerable reduction in the 

deflection of the strengthened specimens. 

8. Structural evaluation of the tests conducted on the one 

way reinforced slabs strengthened with basalt fiber 

reinforced polymer fabric technique, it is apparent that 

FRP technique is successful in upgrading the structural 

capacity of one way rein forced slab. 
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