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Summary:  Basalt fiber-reinforced polymer (BFRP) bars are recently introduced in the 

construction field as alternative to conventional steel and glass FRP (GFRP) bars. In order 

to be widely implemented in reinforcing concrete structures, several aspects regarding their 

effect on the overall strength and behavior of the structural elements should be thoroughly 

investigated. This paper presents an experimental study to investigate the shear behavior of 

concrete beams reinforced with longitudinal BFRP bars without shear reinforcement. Beams 

were tested under four-point loading until failure. Beams reinforced with conventional steel 

bars were also tested for comparison. The modes of failure and load-deformation 

relationships of all beams are presented. The effects of the shear span-to-depth ratio and the 

reinforcement ratio on the ultimate shear capacity and the mode of failure of the beams are 

reported.    

1 INTRODUCTION 

For the past centuries, steel has been used as the main reinforcement in concrete 

structures due to its favorable properties, such as high durability, tensile strength and 

ductility. However, corrosion of steel has shortened the anticipated service life of steel-

reinforced concrete structures. This phenomenon initiated the use of Fiber Reinforced 

Polymer (FRP) as alternatives to steel due to their corrosion resistance. FRP are composites 

made out of two materials: reinforcing fibers and polymer resin matrix. The reinforcing fibers 

can be made out of glass (GFRP), carbon (CFRP), aramid, or basalt (BFRP). In addition to 

corrosion resistance, FRP have high strength to weight ratio, magnetic neutrality, and lower 

maintenance cost compared to steel. However, FRP are brittle material and have lower 

modulus of elasticity compared to steel. Moreover, FRP have different surface and bond 

characteristics than those of steel [1-3]. Hence, FRP reinforced structures behave differently 

than steel reinforced structures. Therefore, different design procedures and equations should 

be used to account for those differences [4]. 

Several studies have been conducted on GFRP and CFRP regarding their influence on 

concrete shear strength (Vc) [5]. Yost et al concluded that the amount of longitudinal 
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reinforcement had no significant influence on the shear capacity of beams reinforced with 

GFRP bars for the reinforcement ratios between 2.10ρb and 4.32ρb, where ρb is the balanced 

reinforcement ratio [6]. The authors also concluded that the shear strength was significantly 

lower for GFRP-reinforced beams compared to steel-reinforced beams. The ACI 318[7] 

equation for shear strength, which was developed using data from experimental tests on steel 

reinforced members, was found un-conservative for beams reinforced with GFRP bars. 

Another study conducted by Zeidan et al. [8] concluded that the ACI equation for predicting 

concrete shear strength of members reinforced with CFRP longitudinal reinforcement was 

very conservative. The authors also reported that the shear strength of CFRP- reinforced 

beams was greatly affected by the ratio of ρf /ρf bal in addition to concrete strength and the 

shear span-to-depth ratio.  

Despite the various studies conducted on GFRP and CFRP reinforced beams in the past, very 

limited studies were conducted on BFRP reinforced beams. Ovitigala et al. [9] concluded that 

the failure mode of BFRP-reinforced beams depend on the BFRP reinforcement area and the 

shear span-to-depth ratio (a/d). Failure was found more brittle when the area of reinforcement 

increased. When the (a/d) ratio increased, the failure mode changed from shear failure to 

flexural shear failure. Shear capacity increased when the area of BFRP reinforcement 

increased whereas the shear capacity decreased when (a/d) increased. 

The objective of the current study is to determine the concrete shear strength (Vc) for for 

BFRP-reinforced beams with various reinforcement areas and considering several shear span-

to-depth ratios. A total of 10 beams without stirrups will be tested, including 8 beams 

reinforced with BFRP bars and 2 beams reinforced with steel rebars. 

2 EXPERIMENTS 

2.1 Test Materials and Specimens: 

The experimental program presented in this article provides important results regarding the 

concrete shear strength and mode of failure of 10 reinforced concrete beams. All beams are 

reinforced with longitudinal reinforcement with no stirrups. 8 beams were reinforced with 

BFRP bars whereas 2 beams were steel-reinforced. The total length (L) width (b) and depth 

(h) of all beams were kept constant at 2000 mm, 150 mm, and 250 mm, respectively. A 26 

mm concrete cover for longitudinal reinforcement was also used for all beams. Beams with 

shear span-to-depth ratio (a/d) of 3.33 were labeled as 1, whereas beams with (a/d) of 2.5 

were labeled as 2. BFRP refers to BFRP-reinforced beams, while STL refers to steel-

reinforced beams. Details of beam dimensions, labeling, reinforcement area, and (a/d) ratios 

are summarized in Table 1. Prior to testing, all beams were coated with white paint in order 

to clearly track the initiation and propagation of cracks throughout the test. The beams were 

cast using ready mix concrete with a compressive strength of 50 MPa and maximum 

aggregate size of 20 mm. 

2.2 Test Set up and Instrumentations: 

All beams were simply supported and loaded under four-point loading setup using a universal 

testing machine (UTM) with 2500kN capacity as shown in Figure 1. Figure 2 shows a 

schematic description of the test setup and instrumentation. The clear span between supports 

was set to 1600 mm for all beams. Three Linear Variable Displacement Transducers 

(LVDTs) were mounted at the bottom of the beams to measure the deflection; one LVDT 

was placed at mid-span of the beam and the other LVDTs were placed at mid of the shear 
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span, between the supports and the applied loading. Strain gauges were attached to the 

reinforcement bars at 400mm from each end and also at mid-span of the bar. Additionally, 

for each beam one strain gauge was placed on the concrete surface at 400mm from the top 

and another strain gauge was placed at the center. Readings of LVDTs, strain gauges, and the 

applied loads were recorded and stored in a data acquisition system at a rate of 10 readings 

per second. 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Test matrix  

 

 

Figure 1: Universal Testing Machine (UTM) 

Beam  d(mm) a/d Reinf. ratio (%) 

BFRP 2#12-1 218 3.33 0.69 

BFRP 2#12-2 218 2.5 0.69 

BFRP 2#10-1 219 3.33 0.48 

BFRP 2#10- 2 219 2.5 0.48 

BFRP 2#8 -1 220 3.33 0.31 

BFRP 2#8-2 220 2.5 0.31 

BFRP 4#10-1 200 3.33 1.05 

BFRP 4#12-1 198 3.33 1.52 

STL 2#12-1 218 3.33 0.69 

STL 2#12-2 218 2.5 0.69 
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Figure 2: Schematic diagram of test setup 

3 RESULTS 

As previously mentioned, the objective of this study is to determine the concrete contribution 

to shear strength when reinforced with BFRP bars. To achieve this objective, the analysis was 

based on comparing the maximum failure load, mode of failure, characteristics of the load-

deformation relationship for all tested beams, the effect of shear span ratio, and the effect of 

reinforcement ratio (ρ%).  Since no web reinforcement was provided, the failure mode for all 

beams were typical shear failure with shear cracks extended from the support to the loading 

point as shown in Figure 3.  

 

 
Figure 3: Failure modes of tested beams 

LVDT LVDT 
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The load versus displacement curves are presented in Figures 4 and 5 for beams with a/d 

ratios of 2.5 and 3.33, respectively. It can be seen that beams reinforced with steel were able 

to withstand higher failure loads and deform significantly less. The BFRP-reinforced beams 

underwent relatively larger deformations and failed at relatively lower loads. 
 

 

 
Figure 4: load vs mid-span deflection for a/d=2.5 

 
Figure 5: load vs mid-span deformation for a/d=3.33 

 

Figures 6 and 7 illustrate the relationship between the concrete shear capacity, Vc, and the 

reinforcement ratio, ρ, for the two a/d ratios considered. The Vc /bwd is linearly proportional 

to the cubic root of the reinforcement ratio. This behavior was clear for a/d =3.33 but less for 

the beams with a/d=2.5. This observation implies that as the beam becomes more slender the 

relationship between the shear stress and the cubic root of the reinforcement becomes more 

applicable. In other words, the ratio of a/d = 2.5 is very close to the code limit of 2 of short 

beams. Additionally, this linear relationship is in agreement with equation (2) S806-02 [10] 

for determining shear strength of concrete reinforced with FRP. Hence, S806-02 is an 
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adequate equation that can be used to predict the values of shear strength of BFRP reinforced 

concrete.  

 

 

 
Figure 6: variations of concrete compressive strength with the cubic root of the reinforcement ratio for a/d=2.5 

 
Figure 7: Variations of concrete compressive strength with the cubic root of the reinforcement ratio for a/d=3.33 

 

4 CONCLUSIONS 

The following are some remarks concluded from this study and more analysis details and 

discussions will be presented in a forthcoming full paper: 

 

- Both ACI 440-06 and S806-02 underestimate Vc for beams reinforced with BFRP 

bars. 

- S806-02 is more adequate than ACI 440-06 to predict Vc for BFRP reinforced beams 

with bars. 

- Steel-reinforced beams withstand higher loads and deform less than BFRP- reinforced 

beams. 

- As the beam becomes more slender (a/d > 2), the relationship between Vc /bwd and the 

cubic root of the reinforcement ratio becomes more linearly proportional. 
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