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Abstract—Reinforced concrete structures experience 

degradation due to design errors, construction errors, aging, 

and increased loads caused by changes in usage. These 

deteriorated structures can recover their load bearing capacity 

through strengthening. Thus, at present, sheets or plates made 

up of carbon fiber-reinforced polymer (CFRP), glass fiber-

reinforced polymer (GFRP), and basalt fiber-reinforced 

polymer (BFRP) are used as strengthening materials. Basalt 

fiber is made from basalt rock through a melting process. In the 

manufacturing process, it contains no additives so the product is 

nontoxic and recyclable. Hence, basalt products are a greener 

option as compare to both carbon and glass fiber fabrics. This 

study investigated the behavior of reinforced concrete slabs 

strength with basalt fiber-reinforced polymer (BFRP). A total of 

five RC slabs, each having 1000 mm length, 1000 mm width, 

and 100 mm thickness, each slab was reinforced with two layers 

of BFRP of area (50 x 50 cm2) were tested. The variable in the 

experimental program was orientation of the fiber of BFRP (0°, 

45°, (0°/90°) and (45°/135°). Test results showed that the 

capacity of ultimate load of strength of the slabs is increase 

(1.91-2.08 times) compared with slab unreinforced. The results 

illustrate that basalt fiber-reinforced polymer (BFRP) 

reinforcement is perfect in reducing the deflection (31%–65%). 

The reinforcement by BFRP with orientation (0°/90°) is more 

effective compared to those reinforced by other orientations. 
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I. INTRODUCTION 
For the strengthening of deteriorated reinforced concrete 

structural members, fiber reinforced polymer (FRP) 
strengthening system has emerged as an alternative to 
traditional techniques using a steel plate. These FRP materials 
include carbon, glass and aramid FRPs and provide advantages 
over the traditional repair materials in terms of better 
mechanical and chemical performance and easier 
constructability. It is true, however, that despite of its high 
ultimate strength, structures strengthened with FRPs can be 
failed in a brittle manner potentially below its mechanical 
capacity due to a bonding problem at the strengthening 
material–concrete interface. This safety concern is more 
significant when the carbon FRP materials are used. Hence, it 
was suggested to use a greater safety factor for the ultimate 
strength or to establish a limit state of ultimate load carrying 
capacity for the concrete structures strengthened with carbon 
FRP. On the other hand, as the use of the FRP materials 
becomes extended to rehabilitation or strengthening of building 
structures, fire resistance is another important aspect of the 
materials. 

When exposed to a high-temperature, most of FRP 
materials lose structural capacity rapidly. Particularly, organic 

 epoxy resin, which is added as a matrix or additive during 
production or shaping process, can make very dangerous 
poisonous fumes. Therefore, for the strengthening of 
reinforced concrete structures, a material is sought which has 
larger ultimate strain even at the some sacrifice of strength and 
greater fire resistance at the same time. 

 
Fig 1 Basalt unidirectional fabric 

Basalt fibers are from basalt rocks through melting 
process. The basalt rocks can be so finely divided into small 
particles that it is possible to produce into a form of fibers. In 
addition, the basalt fibers do not contain any other additives in 
a single producing process, which makes additional advantage 
in cost. It is known that the basalt fibers have better tensile 
strength than the E-glass fibers, greater failure strain than the 
carbon fibers as well as good resistance to chemical attack, 
impact load and fire with less poisonous fumes. From these 
advantages, the applicability of the basalt fiber for a structural 
strengthening material is highly expected.  

II. EXPERIMENTAL PROGRAMME 

A. Material Properties 

The cement used in this study is Ordinary Portland 
Cement of specific gravity 3.14. M sand is used as fine 
aggregate and crushed granite of 20mm size as coarse 
aggregate with specific gravity of 2.65 and 2.94 
respectively. The composite material used for experimental 
work is unidirectional basalt fabric. Its properties are 
presented in Table I. The epoxy resin used for unidirectional 
basalt fabric contains Araldite LY 556 as resin and Aradur 
HY 951 as the hardener with mixing ratio 1: 0.1. The mix 
ratio was 1: 1.77: 2.88 with water cement ratio of 0.49. 
Cubes of sizes 150 mm x 150 mm x 150 mm were used to 
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investigate the compressive strength of concrete.  

 
B. Specimen Details 

Five slabs were casted. All had the same sectional 
dimensions; 1000mm in length, 1000mm in width and 
100mm in depth. The slabs were reinforced with steel bars 
having a diameter of 8mm spaced at 200mm in both 
directions. The slab specimens consists of conventional RCC 
slab as control slab (S1), slab with two layers of BFRP at an 
angle 0° (S2), slab with two layers of BFRP at an angle 45° 
(S3), slab with BFRP at an angle 45°/135° (S4), slab with 
BFRP at an angle 0°/90° (S5). 

 

     
(a)                                                   (b) 

                                                    
                  (c)                                                    (d) 
Fig 2 Specimen details (a) Slab with two layers of BFRP at an angle 0° 

(b) Slab with two layers BFRP at an angle 45° (c) Slab with BFRP at an 
angle 45° and 135° (d) Slab with BFRP at an angle 0° and 90° 

Five specimens are casted. One specimen is a control slab 
with 1m x 1m x 0.1m size. For other four specimens, precast 
slabs having same geometry as control slab was casted. 
Epoxy resin is used as the adhesive for BFRP composites. 
After applying BFRP composites on slab surface it was cured 
for 7 days at room temperature before testing. After 28 day 
curing, the surfaces of the slabs are cleaned for removing all 
dust particles and were prepared before placing BFRP. The 
two part epoxy, i.e., hardener and resin were mixed and 
applied over the primer. 
 

C. Test Setup 
The specimens were tested using loading frame where the 

specimens were lifted and placed. The specimens were 
simply supported and subjected to point load at center. Linear 
variable differential transducers (LVDT) were placed at the 
center bottom and at diagonal of the slab bottom. LVDTs are 
used to measure the displacement of the test specimen. The 
measured displacement will be displayed in the digital 

indicator and further it is connected to Data Acquisition 
system. The load is applied at each step and continued until 
failure. To measure the load applied to the specimen, 
compression type load cell was used. The load cell will give 
proportional output in electrical parameters under the given 
load. The failure load is the load that caused the specimen to 
fail in flexure. The Data Aquisition software (DAQ), used to 
take the reading should be set to zero in order to find out the 
maximum load, strain, and the deflection coming to the slab 
as a result of gradual load application. Initially, as the load 
increased, the deflection also increases linearly up to a 
certain load. 

 
Fig 3 Test setup for all slabs 

III. EXPERIMENTAL RESULTS 
      The control slab and four strengthened slabs with BFRP 
were tested under loading frame by giving point load at 
center. The experimental results of all strengthened slabs are 
compared with control slab in this section with respect to 
their load carrying capacity, load deflection response curve, 
crack patterns. 

A. Cracking and Ultimate Loads 

 Table II shows load at first crack and ultimate loads of 
control slab and slabs with BFRP. The load at first crack for 
control slab is 31.3 kN. The load at first crack for slabs with 
BFRP were increased compared to control slab. 

TABLE II. Test result 

 
      It is clear that slab with BFRP can withstand the load for 
long time without any crack compared to control slab. The 
load at first crack for slabs with BFRP is almost two times 
greater than that of control slab.  

The ultimate load for control slab is obtained as 56.3 kN. 
Slab with BFRP at an angle 0° and second layer at an angle 
90° has maximum load carrying capacity as compared to 
other specimens. Load carrying capacity of slab is increased 
when it is strengthened with BFRP. Slab with BFRP shows 
more load carrying capacity than that of control slab. 

Slab 
ID 

Ultimate 
load 
(kN) 

Load 
gain 

factor 

Deflection
(mm) 

% 
decrease 

in 
deflection 

Load 
at first 
crack 
(kN) 

S1 56.3 ….. 18.63 ….. 31.3 
S2 107.4 1.91 12.81 31.23 60.1 
S3 108.6 1.93 8.72 53.19 61.7 
S4 112.9 2.00 8.27 55.60 63.2 
S5 117.4 2.08 6.43 65.48 69 

 

 

TABLE I. Properties of basalt unidirectional fabric 
 

Tensile modulus of elasticity  
(Gpa) 105 

Woven pattern Unidirectional 
Tensile strength (Mpa) 2100 

Elongation (%) 2.6 
Thickness (mm) 0.32 

Polyester yarn density (Tex) 5.25 
Area weight (g/m2) 300±20 
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Fig 4 Ultimate load carrying capacity of all specimens 

B. Load displacement behavior 

 

 

 
 
 
 
 
 
 
 
 
 
 

 

Fig 5 Load vs deflection graph for all specimens 
 

   The load deflection curves of all tested specimens are 
plotted as shown in Fig 5. The ultimate load carrying 
capacity of control slab is obtained as 56.3 kN and 
corresponding deflection is 18.63mm. The ultimate load 
carrying of BFRP 0° is 107.4 kN which is 1.91 times more 
than that of control slab and corresponding deflection is 
12.81mm which is 31.23% less than that of control slab. The 
ultimate load carrying capacity of slab with BFRP 45°, 
BFRP 45°/ 135°, BFRP 0°/90° are obtained as 108.6 kN, 
112.9 kN, 117.4 kN which are 1.93, 2, 2.08 times more than 
that of control slab. Deflection corresponding to ultimate 
load of BFRP 45°, BFRP 45°/135°, BFRP 0°/90° are 
obtained as 8.72mm, 8.27mm, 6.43mm which are 53.19%, 
55.60%, 65.48% less than that of control slab. Slab with 
BFRP shows more load carrying capacity and reduced 
deflection than that of control slab.  

  The maximum deflection for control slab is 18.63 mm 
whereas deflection of slab with BFRP 0°/90° is 6.43 mm. 
Slab with BFRP 45° had a central deflection of 8.27 mm and 
for the slab with BFRP 45°/135°, it was 8.72 mm. Central 
deflection for slab with BFRP at an angle 0° was found to be 
12.81mm. From these results, it is obvious that the slab with 
BFRP 0°/90° had minimum central deflection as compared 
with other four specimens. 

 

C. Crack propagation  

By applying load at center of control slab, first crack is 
formed at the center and tension part of slab. With increase 
in load cracks gradually extends to the supports of the slab. 
Major cracks are concentrated on an area 50 cm x 50 cm at 
center shown in fig 6. Therefore slabs are strengthened with 
two layers BFRP on that region. It is observed that diagonal 
cracks are formed in all slabs and the cracks formed in slabs 
with BFRP are narrower than to the cracks in control slab. 

 

IV CONCLUSIONS 
 
       The control slab and the slabs with different orientations 
of BFRP were casted with slab thickness of 100mm and 
tested using loading frame. From the testing of specimens 
using loading frame following conclusion can be made;                                                                                         

A. Load carrying capacity of specimens with BFRP, 
were found increasing when compared with the 
control specimen. 

B. Central deflection for the specimens with BFRP, 
were decreased as compared with control slab. 

C. Maximum load carrying capacity is found on slab 
with BFRP 0°/90° orientation. The load carrying 
capacities of slabs with BFRP are almost two times 
greater than that of control slab.  

D. Central deflection is minimum in the case of slab 
with BFRP 0°/90° orientation. Central deflections of 
slabs with BFRP are reduced by 31%-65%, than that 
of control slab.  

E. The cracking loads for slabs with BFRP are almost 

 
Fig 6 Crack pattern of control slab 

 

 
 

Fig 7 Crack pattern of slabs strengthened with BFRP 
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two times more than that of control slab. That means 
slab with BFRP can withstand the load for long time 
without any crack compared to control slab. It is 
observed that diagonal cracks are formed in all slabs 
and the cracks formed in slabs with BFRP are 
narrower than to the cracks in control slab. 

F. The reinforcement by BFRP with orientation 0°/90° 
is more effective compared to those reinforced by 
other orientations ie, it shows maximum load carrying 
capacity and minimum central deflection. This may 
due to the fibers in this orientations are inclined 45° 
to the direction of cracks. 

REFERENCES 
[1] Dejian Shen, Qun Yang, Yang Jiao and Zhenghua Cui, 

“Experimental investigations on reinforced concrete shear walls 
strengthened with basalt fiber-reinforced polymers under cyclic 
load”, Construction and Building Materials 136, pp. 217–229, 2018 

[2] Jason Duic , Sara Kenno and Sreekanta Das, “Performance of 
concrete beams reinforced with basalt fibre composite rebar”, 
Construction and Building Materials176, pp. 470-481, 2018. 

[3] M. Gherdaoui, M.Guenfoud and R.Madi, “Punching behavior of 
strengthened and repaired RC slabs with CFRP” , Construction and 
Building Materials 170, pp.272–278,2018. 

[4] Pedram Sadeghian and Brandon Fillmore, “Strain Distribution of 
Basalt FRP-Wrapped Concrete Cylinders”, Case Studies in 
Construction Materials, 2018. 

[5] Sahan Jayasuriya, Amirezza Bastani, Sara Kenno, Tirupati Bolisetti 
and Sreekanta Das, “Rehabilitation of Corroded Steel Beams Using 
BFRP Fabric”, Structures, ISTRUC 291, 2018. 

[6] Sugyu Lee, Kinam Hong , Yeongmo Yeon, and Kyusan Jung, 
“Flexural Behavior of RC Slabs Strengthened in Flexure with 
Basalt Fabric-Reinforced Cementitious Matrix”, Advances in 
Materials Science and Engineering, 2018. 

[7] Wensu Chen, Thong M. Pham, Henry Sichembe ,  Li Chen  and  
Hong Hao, “Experimental study of flexural behaviour of RC beams 
strengthened by longitudinal and U-shaped basalt FRP sheet”, 
Composites Part B 134 ,  2018. 

[8] Akshay P. Mote and H. S. Jadhav, “Experimental Study of Axially 
Loaded RC Short Columns Strengthened With Basalt Fiber 
Reinforced Polymer (BFRP) Sheets”, Int. Journal of Engineering 
Research and Applications, Vol. 4, Issue 7( Version 4), pp.89-92, 
July 2014. 

[9] Deyuan Zhou, Zhen Lei and Jibing Wang (2013), “In-plane 
behavior of seismically damaged masonry walls repaired with 
external BFRP”, Composite Structures 102, pp.9–19, 2013. 

[10] Z. F. Chen and L. L. Wan, “Evaluation of CFRP, GFRP and BFRP 
Material Systems for the Strengthening of RC Slabs”, Journal of 
Reinforced Plastics and Composites, 2008. 

[11] IS: 456-2000; Plain and Reinforced Concrete-Code of Practice 
[12] IS: 383-1970; Specification for Coarse and Fine Aggregate from 

Natural Sources for Concrete 
[13] IS: 2386(Part III)-1963; Methods of Test for Aggregates for 

Concrete 
[14] IS: 10262-2009; Indian Standard Concrete Mix proportioning- 

guidelines 
[15] IS: 875(Part II) - 1987; Code of practice design loads (other than 

earthquake) for buildings and structures. 

[16] IS:4031(Part I)-1996; Method of physical tests for hydraulic 
cement 

[17] IS:4031(Part IV)-1988; Method of physical tests for hydraulic 
cement 

[18] IS:1199-1959; Method of sampling and analysis of concrete 
 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 12, 2019 (Special Issue)  
© Research India Publications.  http://www.ripublication.com

Page 28 of 28


