
 

 

 

Abstract—This research studied the influence of chopped basalt 

fibers (BFs) on the shear strength of reinforced concrete (RC) beams 

without stirrups. The beams including one reference and three basalt 

fiber reinforced concrete (BFRC) beams were tested under 

concentrated load at mid-span to determine the shear strength. The 

test parameters are volume fraction of basalt fibers (Vf) and shear 

span–to-effective depth ratio (a/d) of beam. The deflection of the 

beam and the cracking pattern were monitored during the test at 

certain stages of the monotonic loading until failure. It is observed 

that the contribution of BFs to the shear strength at the ultimate state 

decreases as volume fractions of BFs increase from 0% to 1.5%. 

 

Keywords—Reinforced concrete, beam, chopped basalt fibers, 

shear strength, deflection.  

I. INTRODUCTION 

owadays using fiber reinforced concrete (FRC) in 

structural members has been increasing significantly. It 

has been well established that the addition of fibers can 

augment the mechanical behavior of plain concrete such as 

flexural strength, deformation capacity, impact resistance, 

compressive and tensile strength, load capacity after cracking, 

fatigue and abrasion strength, toughness and shrinkage [1-11]. 

Recently, basalt fibers (BFs)  has gained popularity due to 

some advantages like no additives which makes it cheaper, 

good insulation characteristic, environmentally friendly 

manufacturing process, commercial availability, good 

resistance to chemical attack and temperature, high modulus, 

sound isolation, low moisture absorption, non-toxic, crack 

resistance, crack control, vibration resistance, durability and 

above all excellent interfacial shear strength [11-17] and 

become a good alternative as a potential competitor in 

reinforced concrete (RC) applications. 

Despite there are considerable studies about FRC, there is 

limited fundamental research on the effects of chopped BFs on 

the shear strength of RC beams. Issa et al. [18] observed 

significant improvements in the shear strength of RC beams 

with insufficient shear reinforcement strengthened with BF 

reinforced polimer. Dias and Thaumaturgo [9] investigated the 

relationship between the mixing value of fiber and fracture 

toughness of geopolymeric cement reinforced with BFs and 

they demonstrated that geopolymer cement reinforced with 
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BFs exhibited more displacement and more fracture toughness.  

The main objective of this paper is to evaluate the shear 

strength of basalt fiber reinforced concrete (BFRC) beams 

without stirrups which were tested under concentrated load at 

mid-span. The deflections of the beams and their cracking 

patterns were monitored at the certain stages of the monotonic 

loading until failure. The test parameters are the volume 

fraction of basalt fibers (Vf) and shear span-to- effective depth 

ratio (a/d) of beam.  

II. TEST SPECIMENS 

A combination of letters and numbers is used for specimen 

labels “C” followed by the shear span-to-effective depth ratio 

to denote all test specimens in this research and “B” followed 

by the volume fraction of BFs. For example, a beam having a 

shear span-to-effective depth ratio of 2.5 and with a volume 

fraction of fibers equal to 1.5% is labeled as C2.5B1.5.The 

specimen labelled as C2.5R is the reference beam that do not 

contain any fibers. 

The tests were carried out to evaluate the contribution of 

BFs to the shear strength of RC beams. All beams have the 

same cross- sectional dimensions 150 mm/240 mm (b/h) with 

an effective depth of 210 mm, and a constant tensile 

reinforcement ratio (ρ). Four different volume fractions of 

basalt fibers as 0%, 0.5%, 1.0% and 1.5% were considered. 

Three-point loading tests were conducted to identify the 

ultimate load capacities of beams using a displacement 

controlled loading machine and the beams were monitored 

during the test. The geometrical properties of test specimens 

are shown in Fig. 1. 

 
Fig. 1 Geometry and flexural reinforcement of beams 

 

 

The tensile strength and the elasticity modulus of BFs are 

4840 MPa and 90 GPa, respectively. The characteristics of 

BFs are reported as the application limit temperatures are ± 

980ºC, the specific weight is 2.60-2.80 gr/cc, the fiber 

diameter is 9-23 m and the length of fibers is 12 mm. This 

physical and mechanical properties of BFs, provided by the 

manufacturer. 
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Reinforcement schemes of the test specimens are shown in 

Figure 1, the characteristics of beams are shown in Table 1, 

where fc is the compressive cylinder strength of concrete and l 

is the length of beam. 

The beams were loaded until either failure or the load 

dropped below approximately 80% of its maximum value.  
 

TABLE I 

PROPERTIES OF BEAMS 
 

Beams 
fc 

(MPa) 

Vf 

(%) 

ρ 

(%) 
a/d 

a 

(mm) 

l 

(mm) 

C2.5R 24.85 --- 1.28 2.5 525 1400 

C2.5B0.5 16.94 0.5 1.28 2.5 525 1400 

C2.5B1.0 12.37 1.0 1.28 2.5 525 1400 

C2.5B1.5 6.29 1.5 1.28 2.5 525 1400 

III. EXPERIMENTAL RESULTS 

The failure of all beams occurred in shear. First, vertical 

flexural cracks was observed around the mid-span of all beams 

as predicted. With the increase in load, new flexural cracks 

were formed at a distance of mid-span area. In the last stage, 

vertical flexural cracks appeared around the mid-span started 

to proceed towards the loading point. Crack patterns are shown 

in Fig 2-5. 

Test results are given in Table 2 below, Pco is the peak load 

of beam obtained experimentally, Pu is the ultimate load that is 

assumed to be equal to 80% of Pco, ẟco and ẟu are the 

deflection at the peak load and the ultimate deflection of each 

beam, respectively, and the dissipated energy is the area under 

the load-deflection curve.  
 

TABLE II 

EXPERIMENTAL LOAD AND DEFLECTION VALUES OF BEAMS 

Beams 
Pco 

(kN) 

Pu 

(kN) 

δco 

(mm) 

δu 

(mm) 

δu/ 

δco 

Dissipated 

Energy 

(kNm) 

C2.5R 84.93 67.94 5.12 6.76 1.32 0.3365 

C2.5B0.5 84.02 67.21 5.06 5.66 1.12 0.2469 

C2.5B1.0 72.43 57.94 3.90 5.18 1.33 0.1528 

C2.5B1.5 55.81 44.65 5.16 5.76 1.12 0.1851 

 

 

 

 

 

 

 

 

 

 
      Fig. 2 Crack Pattern of C2.5R 

 

 

 
 

 

 

 

 

 

 

                      Fig. 3 Crack Pattern of C2.5B0.5  

 

 

 

 

 

 

 

 

 

     
                   Fig. 4 Crack Pattern of C2.5B1.0 

  

 

 

 

 
 

 

 

 

 

    Fig. 5 Crack Pattern of C2.5B1.5  

IV. COMPARISON OF LOAD-DEFLECTION RELATIONSHIPS OF 

BEAMS 

The load-deflection curves of beams are shown in Figure 6. 

It is deduced that:  

The beam having BFs in the amount of 0.5% by volume 

reached a maximum load similar to the load reached by the 

reference beam, then the load decreased rapidly while a certain 

amount of deflection of the reference beam was observed 

beyond the maximum load without a significant loss in the 

load-carrying capacity.  

Introducing BFs in the amount of 1.0% by volume resulted 

in significant decreases in the load-carrying and deflection 

capacities. The load-carrying capacity was reduced by 

approximately 15% and the maximum load was reached at a 

mid-span deflection approximately %25 less than that of the 

reference beam. 

The addition of BFs in the amount of 1.5% by volume also 

reduced the load-carrying capacity, 34% compared to the 

capacity of the reference beam, but the mid-span deflection 

under the maximum load was similar to that of the reference 

beam. 

By comparing four beams, it is observed that increasing the 

amount of BFs causes deterioration on both load-carrying 

capacity of beams and the compressive strength of concrete 

(fc). 
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    Fig. 6 Load-deflection curves 

V. CONCLUSION 

According to the test results in this study, it is observed that 

the addition of basalt fibers was not able to improve the 

strength and ductility of RC beam. Contrarily, it resulted in a 

behavior poorer than the behavior of reference beam. This can 

be attributed to the inadequate bonding between aggregate and 

concrete due to the adhering of basalt fibers to aggregate while 

mixing the fibers with concrete.  
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