
 

Effect of Fiber Volume Fraction on Behavior of Concrete 
Beams Made with Recycled Concrete Aggregates 

Wael Alnahhal
1,a

 and Omar Aljidda
2
 
 

1
Department of Civil and Architectural Engineering, College of Engineering, Qatar University, Qatar 

2
Department of Civil and Water Engineering, Laval University, Canada 

Abstract. This study investigates the effect of using different volume fractions of basalt macro 

fibers (BMF) on the flexural behavior of concrete beams made with 100% recycled concrete 

aggregates (RCA) experimentally. A total of 4 reinforced concrete (RC) beam specimens were 

flexural tested until failure. The parameter investigated included the BMF volume fraction (0%, 

0.5%, 1%, and 1.5%). The testing results of the specimens were compared to control beam 

specimen made with no added fibers. The experimental results showed that adding BMF 

improves the flexural capacity of the tested beams.  

1 Introduction  

Previous studies have shown that using discrete steel fibers in concrete increases its ductility due to 

the large compressive strains exhibited at failure and the long-term severability [1-3]. However, 

among the disadvantages of using steel fibers is corrosion, especially in a harsh environment that 

characterizes the Arabian Gulf region, and the added weight to the concrete structure. Therefore, 

basalt macro-fibers were proposed in this study. Basalt fiber is a natural material that is found in 

volcanic basalt rocks formed in a melting temperature comprised between 1500 to 1700 C. Basalt 

fibers are considered to be one of the relatively new composite materials, which are characterized by 

their high corrosion and thermal resistance [4-6]. Basalt macro-fibers possess higher tensile strength 

and higher stiffness compared to conventional synthetic fibers [7]. Basalt macro-fibers modify the 

cracking mechanism in concrete which results in an increase in the flexural tensile strength and 

average residual strength, and a decrease in the crack width of the concrete [7-9]. Krassowska [10] 

and Brik [11] investigated the mechanical characteristics of fibers depend on their length and diameter. 

Based on their study, fibers with smaller diameter showed a higher tensile strength and modulus of 

elasticity than those fibers with a larger diameter. Jiang et al. [12] reported an improvement in the 

engineering properties of fiber reinforced concrete when both the volume fraction and length of fibers 

were increased. Bajaj [13] reported that the crack width that develops in plain concrete is larger than 

the crack width in polypropylene fiber concrete, which is also larger than the crack width obtained in 

reinforced concrete having chopped basalt fibers in the mix. Tumadhir [14] indicated that increasing 

the volume fraction of basalt fibers resulted in increasing the splitting tensile strength of concrete with 

no remarkable effect on the compressive strength of concrete. Das [15] indicated that the optimum 

percentage of basalt fibers in a concrete mixture is from 0.5% to 0.8% of cement’s weight in order to 
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achieve the best concrete properties. Dias and Thaumaturge [16] and Dong et al. [17] focused on the 

mechanical properties of the concrete made with RCA and basalt fibers. The results obtained from this 

study showed that the mechanical properties of concrete made with RCA are decreased with 

increasing the RCA replacement ratio. However, the mechanical properties were enhanced by using 

the basalt fibers. A few studies examined the flexural behavior of FRC beams. Byung and Oh [18] 

investigated the flexural behavior of steel FRC beams. The results indicated that the ultimate strength, 

ductility, and energy absorption capacity of FRC beams were considerably enhanced with the addition 

of steel fibers. Furthermore, the crack width was remarkably reduced as the amount of fibers increased. 

Similar test results were reported by Mertol et al.[19]. This work attempts to investigate the feasibility 

of using different volume fractions of BMF combined with 100% of RCA for structural application. 

Thus, this study discusses the experimental results for the flexural testing of large-scale basalt FRC 

beams made with 100%. 

2 Experimental program 

The experimental program aimed at investigating the effect of using different volume fractions of 

BMF on the flexural behavior of concrete beams made with 100% recycled concrete aggregates (RCA) 

under four-point loading. 

2.1 Concrete mixture proportions 

The coarse aggregates used in this study were RCA with a maximum size of 20 mm. The 

water/cement ratio of the mix was 0.45. The target compressive strength of concrete was 35 MPa. As 

the RCA is characterized by its higher water absorption due to the attached old mortar, the amount of 

free water in concrete mixture plays a significant rule in the development of the hardened properties 

for resulting concrete. For this reason, RCA was washed and immersed in water for 24 hours before 

mixing, and then the surface moisture was dried with a moistened cloth, as shown in Figure1.This is 

to ensure that both aggregates were in a saturated surface dry condition at the time of concrete mixing. 

Water absorbed by saturated aggregates was not included in calculating water to cement content. This 

is to ensure that the remaining amount of water is approximately the same and is enough to ensure the 

hydration of the cement particles in the concrete mix.  

BMF with an average diameter 0.72 mm and a length of 45 mm was used in this study. It is a non-

corrosive discrete thin fiber made from basalt stone and coated with a solution suitable for use in 

concrete. It possesses higher tensile strength and stiffness, It acts as a proactive reinforcement that 

provides the immediate tensile load carrying capacity when micro-cracks develop in concrete. It has a 

tensile strength of  900 MPa and a modulus of elasticity of 44 GPa. 

2.2 Large-scale beams flexural tests 

To study the flexural behavior of beams made with different volume fractions of BMF and with100% 

of RCA, the test was carried on four large-scale beams with a size of 150× 250 × 2550 mm that were 

loaded until failure under four-point loads as shown in Figure 2. Steel bars were used for as the main 

flexural steel reinforcement. 8-mm-diameter steel stirrups were used as transverse steel reinforcement, 

and two 16-mm-diameter steel bars were used as the main longitudinal bottom reinforcement. Steel 

stirrups were spaced as shown in Figure 3 in order to have a flexural failure at midspan of each beam. 

The concrete clear cover was 25 mm. 
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Figure 1. Moisturizing and Drying of RCA. 

 

 
Figure 2. Large-Scale Beam Layout (Dimensions in mm). 

 

 

Figure 3. Beam Details and Cross Section (Dimensions in mm). 

3 Figures and tablesTests results and discussion  

All four beams specimens have 100% of RCA with 0%, 0.5%, 1%, and 1.5% of BMF respectively. 

Flexure failure at the mid-span was the main failure mode for all four tested beams. As expected, the 

addition of BMF to concrete increased the maximum deflection at failure about 11.76%, 34.78% and 

44.44% for beams with the volume fraction of 0.5%, 1%, and 1.5% respectively compared with 
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control beam as shown in Figure 4(a). The reason can be due to the effects of BMF and high bonding 

between BMF and concrete matrix. Figure 4(b) shows the load-concrete strain relationship where the 

maximum concrete strain values were 0.00292, 0.00308, 0.0035 and 0.00372 for beams with 

0%,0.5%,1% and 1.5% BMF respectively. The differences of the load-strain curves between the 

control beam and beams with BMF are significant. In control beam that has 0% BMF, once reaching 

the ultimate load, concrete failed by crushing and strain in reinforcement dropped suddenly. however, 

when the beams with BMF reached the ultimate load, concrete was held together and the strains in 

concrete and steel bars kept increasing gradually, this is due to the behavior of BMF, tensile loads can 

be transferred across the cracks by the bridging of fiber and increase in strain capacity of the concrete 

matrix in the pre-failure zone. 

  
a.) Load- Midspan Deflection 

 
b.) Load- Concrete Strain 

Figure 4. Comparison of Test Results for Beams with 100% of RCA and different volume fraction of BMF 

 4 Conclusions 

This study has investigated the mechanical properties and flexural behavior of RC beams with the 

different volume fraction of BMF and 100% of RCA. The following conclusions can be drawn based 

on the findings of the experimental investigation: 

1. The addition of BMF resulted in an improvement in the ultimate flexural capacity of the tested 

beams compared to the beams with no BMF.  

The addition of BMF resulted in an improvement in the ductility of the tested beams compared to 

the beams with no BMF. 
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