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 
Abstract—An experimental program is conducted in this research 

to investigate the influence of basalt fibers and steel fibers on the 
flexural behavior of RC beams. Reinforced concrete beams are 
constructed using steel fiber concrete and basalt fiber concrete. Steel 
and basalt fibers are included in a percentage of 15% and 2.5% of the 
total cement weight, respectively. Test results have shown that basalt 
fibers have increased the load carrying capacity of the beams up to 
30% and the maximum deflection to almost 2.4 times that measured 
in the control specimen. It has also shown that steel fibers have 
increased the load carrying capacity of the beams up to 47% and the 
ultimate deflection is almost duplicated compared to the control 
beam. Steel and basalt fibers have increased the ductility of the 
reinforced concrete beams. 

 
Keywords—Basalt fiber, steel fiber, reinforced concrete beams, 

flexural behavior. 

I. INTRODUCTION 

EINFORCED concrete (RC) beams are mainly designed 
to resist vertical loads. The use of fiber RC has been 

recently extended in the construction of RC beams. Different 
types of fibers can be used in concrete mix. Fibers can 
enhance the mechanical and structural behavior of RC beams 
depending on the type, geometry, fiber percentage, orientation 
and distribution of the fibers. Steel fibers are one of the most 
common types of fibers that have been used recently to 
enhance the flexural behavior of RC beams. Flexural 
enhancement in RC beams depends on the percentage of steel 
fibers in the concrete mix. Fibers are usually added as a 
volumetric ratio of concrete or as a percentage of cement 
weight. Researchers have found that the optimum percentage 
of steel fibers in concrete mix is in a range of 1% to 1.5% of 
the concrete volume which is almost 10% to 15% of cement 
weight.  

Fiber reinforced polymer (FRP) composites have become 
an accepted solution for strengthening and retrofitting RC 
structures. FRP have advantages over the other retrofitted 
materials due to its corrosion resistance, durability and 
flexibility [1]. Many researchers have conducted several 
experimental programs to investigate the experimental 
behavior of RC beams strengthened with FRP. Experimental 
programs conducted recently have shown that the 
configuration, orientation and properties of FRP can 
significantly influence the behavior of RC beams [2]–[5].  

Strengthening RC beams can be performed externally by 
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applying FRP to the concrete surface or internally by using 
fibrous materials where FRP are added to the concrete mix. 
Experimental programs have shown the efficiency of fibers in 
enhancing the structural behavior of RC beams using internal 
or external FRP. Researchers have shown that the flexural 
strength of RC beams strengthened using externally bonded 
carbon fiber reinforced polymer (CFRP) has been significantly 
increased. Dong et al. [6] have shown that the flexural strength 
of RC beams has been increased in a range of 41–125% due to 
the presence of CFRP sheets. 

An experimental program was conducted by Ashour and 
Garrity [7] where 16 strengthened RC continuous beams have 
been tested. The researchers have used several arrangements 
of internal steel bars and external CFRP laminates to 
strengthen the RC beams. The strengthened beams failed 
under different failure modes including laminate rupture, 
laminate separation and peeling failure of the concrete cover 
attached to the laminate. A significant loss in the ductility of 
the strengthened beams was observed compared to the un-
strengthened control beam [7], [8]. 

Other experimental studies [10] have shown that RC beams 
strengthened with CFRP sheets have gained additional 
strength and ductility compared to the unstrengthened beams. 
It was also found that the direction of the reinforcing fibers 
can significantly influence the magnitude of the load 
increment and the failure mode of the strengthened beams. 
The maximum incremental strength was depicted in RC beams 
strengthened with CFRP sheets that were wrapped 
perpendicular to cracks in the beam while a brittle behavior is 
detected [10].  

It is recommended to strengthen RC beams that are poor in 
flexure using CFRP sheets by wrapping them at the beam 
tension side [9]. Kharatmol et al have also shown that 
strengthening beams with CFRP sheets at their tension side 
was more efficient than strengthening RC beams at their two 
parallel sides [9]. 

Several researchers have shown the efficiency of steel fibers 
in increasing the load carrying capacity of RC beams. 
Behbahani et al. [11] have studied the flexural behavior of RC 
beams with different volumetric percentages of steel fibers 
including (0%, 0.5%, 1%, 1.5%, and 2%). It was shown that 
RC beams made with 1% steel fiber have the highest ultimate 
and cracking strength compared to all other test specimens. 
Altun et al. [12] have studied the flexural behavior of RC 
beams made with various dosages of steel fibers (0, 30, 60) 
kg/m3 that have a length of 60 mm and a diameter of 0.75 mm. 
They have shown an increment in the flexural toughness and 
ultimate loads in the RC beams made with 30 kg/m3 dosage of 
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steel fibers. 
Basalt fibers are new inorganic fibrous material that have 

high tensile strength, good heat resistance, corrosion 
resistance, high chemical stability and low cost [13]. Basalt 
fibers have similar density to cement and can uniformly 
distributed making it with a good development prospect [13]. 
Singaravadivelan et al. [14] have studied the flexural behavior 
of RC beams using various percentages of basalt fibers 
including 0%, 0.5%, 1.0%, 1.5%, 2.0%, and 2.5% of concrete 
mixes. They have shown that the addition of basalt fibqers has 
improved the flexural behavior of RC beams. Krassowska and 
Lapko [15] have shown that the addition of steel and basalt 
fibers can enhance the tensile strength of concrete. Fadil et al. 
[16] have shown that the addition of basalt fiber can enhance 
the flexural strength of RC beams. 

This study experimentally investigates the flexural behavior 
of RC beams made with steel fibers and basalt fibers. It 
compares between the load carrying capacity, peak 
displacement, ultimate displacement, effective stiffness and 
mode of failure of the control specimen and the other 
specimens made with basalt and steel fibers.  

II. EXPERIMENTAL PROGRAM 

A. Material Properties 

The ultimate and yield tensile strength of the longitudinal 
and transverse reinforcement are 400 MPa and 600 MPa, 
respectively. The average cubic concrete compressive strength 
of the test specimens is 33 MPa where the mix proportions are 
shown in Table I.  The properties of steel and basalt fibers are 
shown in Table II. The selected basalt and steel fibers are 
shown in Figs. 1 (a) and (b), respectively. 
 

 
(a)         (b) 

Fig. 1 (a) Basalt fibers, (b) Steel fibers 
TABLE I 

CONCRETE MIX PROPORTIONS 

Materials Weight (Kg/m3) 

Cement 325 

Water 210 

Fine aggregate 1070 

Sand 690 

Super – Plasticizer 1.195 

B. Specimen Details 

Three simply supported RC beams have been tested under 
two point-loading where the distance between the load 
application points and that between the load application point 
and the support is 350 mm as shown in Fig. 2. The dimensions 
and the cross section of the test specimens are shown in Fig. 3 

where the length of the beam is 1.2 m and the rectangular 
cross section is 150 mm x 250 mm.  

 
TABLE II 

 FIBER PROPERTIES 

Properties Steel Fibers Basalt Fibers 

Length 60 mm 60 mm 

Diameter 0.75 mm 22 µm 

Density 7.8 g/cm3 2.7 g/cm3 

Aspect ratio (L/D) 80 2727.3 

Tensile strength 1225 MPa 1380 MPa 

Youngs modulus 200000 MPa 75 GPa 

 

 

Fig. 2 Specimens details and test setup 
 

 

Fig. 3 Specimen details 
 

 

Fig. 4 Test Setup 

C. Test Setup 

The test setup is shown in Fig. 4 where all test specimens 
are simply supported with roller support at one end and pin 
support at the other side. The load is applied through a 
hydraulic jack that transfers the load to a rigid steel plate that 
is connected to two rigid steel cylinders that fixed at the 
loading points as shown in Fig. 4. A load cell is located 
between the hydraulic actuator and the loading collar to 
measure the load that is applied as force-controlled steps. The 
load application rate is 0.1 kN/second. Displacement 
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transducer (LVDT) is fixed at the beam mid span to measure 
the vertical mid-displacement. 

III. TEST RESULTS  

The load-deflection curves and the failure modes of the test 
specimens are investigated in this section where a summary of 
the test results is shown in Table III. Table III illustrates the 
peak load, peak deflection, maximum deflection, load at first 
crack, effective stiffness (peak load/ deflection at peak load). 
The control specimen, which is made without fibers, has the 
lowest load carrying capacity of 89 kN and the lowest ultimate 
deflection of 8.31 mm. This specimen fails under flexural 
loading with some flexural shear cracking. Specimen FB11-
B8 is made with 8 kg basalt that represents 2.5% of the cement 
weight. The load carrying capacity of this specimen is 113 kN 
which is 30% greater than that measured in the control 
specimen. The maximum deflection in specimen FB11-B8 is 
19.2 mm which is almost 2.4 times that measured in the 
control specimen. Specimen FB7-S48 contains 48 kg of steel 
fiber which represents 15% of the total cement weight. The 

load carrying capacity of this specimen has increased up to 
130 kN which is almost 47% greater than that measured in the 
control specimen. The maximum deflection of this specimen is 
17.11 mm which is almost double that measured in the control 
specimen. 

IV. BASALT FIBER EFFECT 

Basalt fibers are new materials that have been recently used 
to enhance the mechanical properties of concrete. Basalt fibers 
are added in this research as 2.5% of the cement weight which 
is the maximum recommended percentage by basalt fiber’s 
manufacturer. The addition of basalt fibers has increased the 
load carrying capacity of the RC beam up to 30% compared to 
the control specimen. It has also increased the ultimate 
deflection to approximately 2.4 that measured in the control 
specimen. Basalt fibers have increased the ductility of the 
beams where the effective stiffness (peak load/peak 
deflection) that shown in Table III has been decreased to 30% 
compared to the control specimen and the ultimate deflection 
has been increased significantly. 

 
TABLE III 

TEST RESULTS 

Specimen Fiber Fiber (%) Peak load (KN) Peak deflection Ultimate displacement (mm) Load at first crack (KN) Effective stiffness (KN/mm) 

FB1-C2 - 0 89 8.3 8.3 30 10.7 

FB7-S48 steel 15 130 15.2 17.1 30 8.6 

FB9-B8 basalt 2.5 113 16.5 19.2 40 6.8 

 
The presence of basalt fibers have postponed the 

appearance of the first crack and delayed crack propagation. 
Vertical flexural cracks have extended from the beam’s 
bottom surface propagating to the top. The major flexural 
crack appeared at the mid span of the beam which represents 
the point of the maximum bending moment. RC beams made 
with basalt fiber have failed due to flexural loading. The 
cracking load pattern at failure is shown in Fig. 5 (b). 

V. STEEL FIBER EFFECT 

Steel fibers are one of the most common types of fibers that 
have been used widely to enhance the mechanical properties 
of concrete. The percentage of steel fibers is selected in this 
research based on the recommendation of the manufacturer 
(15% of the cement weight). The addition of steel fibers as 
15% of the cement weight has increased the load carrying 
capacity of the test specimen up to 47% compared to the 
control specimen. The ultimate deflection has been duplicated 
compared to the control specimen due to the presence of steel 
fibers. Steel fibers have increased the ductility of the RC 
beams where the peak deflection has been increased 
significantly while the effective stiffness, that shown in Table 
III, has been deceased to the half compared to the control 
specimen.  

The appearance of the first crack has been postponed in the 
specimen made with steel fibers and the propagation of the 
cracks has been delayed compared to the control specimen. 
The mode of failure of the specimen made with steel fibers is 
shown in Fig. 5 (c) where the specimen failed due to a major 

flexural crack that extended from the beam’s bottom surface to 
its top at its mid span. 

 

 

(a) Control Beam 
 

 

(b) FB9-B8 
 

 

(c) FB7-S48 

Fig. 5 Mode of failure 
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VI. CONCLUSION 

The influence of basalt fibers and steel fibers on the flexural 
behavior of RC beams is investigated in this research. The 
percentages of steel and basalt fibers considered in this 
research are 15% and 2.5% of the cement weight. The selected 
percentages are the maximum percentages that are 
recommended by the fiber’s manufacturer. Test results have 
shown that steel and basalt fibers have increased the load 
carrying capacity of RC beams by 47% and 30%, respectively, 
compared to the control specimen. The presence of basalt 
fibers has increased the ultimate deflection 2.4 times that 
measured in the control specimens. Basalt fibers have also 
increased the ductility of the beam and reduced its effective 
stiffness. Steel fibers have also increased the ductility of the 
specimens, duplicated the peak deflection and reduced the 
effective stiffness. 

Both types of fibers have postponed the appearance and 
propagation of the flexural cracks. 
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