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Abstract 

A study of the behavior of fibers in high-strength reinforced concrete beams is presented in this paper. Twelve reinforced 

concrete beams were tested under a pure torsion load. Different compressive strengths (45.2, 64.7, and 84.8 MPa) and fiber 

volume fractions (0, 0.25, 0.5, and 0.75) with variable spacing between transverse reinforcements have been used. It was 

discovered that the maximum torque of a high-strength concrete beam is increased by about 20.3, 25.6, and 27.1% when 

the fractional volume of fiber is increased from 0 to 0.25, 0.5 and 0.75 respectively (when the compressive strength is 45.2 

MPa and the transverse reinforcement spacing is 100 mm). The test results show that the ultimate torsional strength 

becomes higher when the concrete compressive strength increases, and this percentage increase becomes higher with 

increasing steel fiber volume fraction. When the spacing between transverse reinforcements decreases from 150 to 100 

mm, the ultimate torque increases by 19.9%. When the spacing between transverse reinforcements decreases from 100 to 

60 mm, the ultimate torque increases by 17.0%. In these beams, the fibers’ compressive strength and volume fraction were 

kept constant at 45.2 MPa and 0.75, respectively. 
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1. Introduction 

Steel fibers are recognized as a non-conventional mass reinforcement. They are currently being applied worldwide 

to strengthen structural concrete members because of their ability to enhance concrete mechanical properties and control 

crack propagation [1]. Steel fibers contribute to reducing the tensile stress transfer capability across crack surfaces. The 

principal benefit of discontinuous fibers in concrete is resisting and delaying crack propagation [2, 3]. Adding steel 

fibers to concrete can increase tensile strength, fracture energy absorption, and load-bearing capacity. The fibers can 

also enhance post-cracking behavior by improving stress transfer through fiber-bridging of cracked sections [4]. The 

post-cracking strength increases significantly with increased fiber-to-concrete ratios. The hooked ends of fibers can 

positively influence the pull-out behavior of concrete [5]. Ju et al. [6] introduced a constitutive model of steel fiber-

reinforced concrete (SFRC) at the tension zone. This zone significantly affects torsional behavior, as shown by SFRC 

experimental results for shear panels under biaxial stress. The tensile behavior model adopted was a fixed-angle 

softened-truss model. After comparing the analytical results with other research, the study developed a theoretical 

evaluation for this type of SFRC torsional behavior model.  
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Chalioris et al. [7] experimentally investigated concrete beams reinforced with hooked steel fibers under torsion. 

Their experimental program included 35 beams with different cross-sections (rectangular, L, and T shapes) tested under 

pure torsion for plain and reinforced (shear and bending) concrete beams. The beam test results demonstrated that beams 

with fibers enhance the torsional behavior compared to concrete without fiber. The researchers concluded that the 

addition of fibers prevented brittle failure. High strength concrete (HSC) offers many advantages over regular concrete, 

making it popular for various applications in the construction industry. The comparably higher compressive strength of 

HSC is an attractive advantage. However, high strength reduces the ductility of concrete by noticeably increasing its 

brittleness. Steel fibers added to reinforce HSC concrete increase its compressive strength without losing ductility [8].  

Generally, the addition of steel fibers to concrete controls crack propagation and increases the ductility of the 

concrete. Hameed and Al-Sherrawi [9] investigated reinforced concrete beam behavior with steel-hooked end fibers for 

non-shear reinforcement beams. The results revealed that 1.0% volume fraction fiber could be used as an alternative 

material to restrict shear and increase the shear capacity of the beam. Fiber types other than steel, such as polypropylene 

and polyolefin based on polymer materials, have been recently used in a wide range of research areas. Denisiewicz et 

al. [10] experimentally tested fine-grained fiber concrete’s mechanical and physical properties. Concrete prisms and 

cubes were selected to test with different steel and polypropylene fiber ratios. The results showed that using steel fiber 

improved shrinkage and compressive strength and did not deteriorate the workability compared with polypropylene 

fibers. 

One of the main purposes of using steel fibers is to enhance the ductility of high-strength concrete (HSC). Research 

showed that steel fiber in reinforced concrete members greatly influenced the crack propagation mechanism. 

Experiments and FEM analyses of specimens had difficulty predicting the distribution of fibers in the concrete mix, 

which affected the accuracy of the results. Zhong et al. (2021) developed a theoretical model to evaluate the potential 

of using steel fibers as an alternative material to the normal steel reinforcement bars typically used. The study shows 

that increasing steel fiber volume in the concrete mixture improves the ductile performance, and these results confirmed 

recently published studies [11]. Facconi et al. (2021) studied large-scale reinforced concrete beams with steel fibers 

subjected to pure torsion. Normal reinforcement was used, and various stirrup quantities for transverse reinforcement 

were compared to beams without stirrups. Using steel fiber with a minimum reinforcement significantly increased the 

torsion capacity compared with the control specimen. Furthermore, SFRC provides a relatively high post-cracking 

stiffness compared to conventional reinforced concrete members [12]. 

Lau et al. (2020) [13] tested concrete beams subjected to pure torsional loads up to failure. The samples were alkali-

activated concrete (AAC) beams. Three specimen types were the variables in the study: normal reinforced concrete, 

concrete with steel fiber only, and beams with normal reinforcement (steel bar) and steel fibers. The results showed that 

the AAC beam with only fibers had higher cracking torsion than the normal reinforced concrete beams. Also, the beam 

with normal reinforcement and steel fibers had a more ductile post-crack behavior. However, the hybrid reinforcements 

in alkali-activated concrete beams confirmed further consistent ductile post-crack behavior and improved ultimate 

torque capacity. Research related to fiber-reinforced HSC beams under pure torsion is minimal. The lack of experimental 

and analytical studies and the increasing interest in using steel fibers in HSC structures led to this study investigating 

the behavior of fiber-reinforced HSC beams under torsion. The tensile strength of non-reinforced concrete beam is low, 

it has a low strain capacity, and it is brittle material. Concrete properties, such as ductility, toughness, energy absorption, 

and strain at peak load, were increased using fiber reinforcement [2]. Fiber-reinforced concrete is made by combining 

cement, fibers with different properties, and aggregate in a composite material. 

Studies with experimental evidence for torsion of fiber-reinforced high-strength concrete beams are very limited. 

This study experimentally examines the cracking strength, ultimate strength, and twist angle of fiber-reinforced high-

strength beams subjected to pure torsion. 

2. Martials and Method 

The test program is intended to generate data and provide information and describe the effect of compressive 

strength, fiber volume fraction, and transverse reinforcement ratio on the behavior of fiber-reinforced high-strength 

beams subjected to pure torsion. Standard tests defined by the American Society for Testing and Materials (ASTM) [14-

16] and Iraqi specifications [17, 18] are performed to conducting the material properties. These tests have been 

conducted at the laboratory of the Civil Engineering Department of Engineering College of Basrah University. The 

experimental work is depicted in Figure 1 as a flow chart. 

 

https://link.springer.com/article/10.1617/s11527-021-01615-y#auth-Luca-Facconi
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lau%20CK%5BAuthor%5D&cauthor=true&cauthor_uid=32756417
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Figure 1. Flowchart of the methodology 

2.1. Specimen Details 

A total of twelve reinforced concrete beam specimens with a cross-sectional dimension of 200×200 mm with 

concrete cover equal to 20 mm were made-up at the laboratory. The overall length of the beam specimens was 1100 

mm, and the test region length was 600 mm. All specimens had the same longitudinal reinforcement ratio but different 

shear reinforcement ratios. The beams were designed to vary the following parameters: compressive strength, fiber 

volume fractions ranging from 0 to 0.75, and steel shear ratio (spacing between transverse reinforcements). Table 1 and 

Figure 2 show additional beam specimen details. 

Table 1. Beam Specimen Details 

Specimen 

Concrete Longitudinal Reinforcement Transverse Reinforcement Fiber Reinforcement 

fc 

 (MPa) 

No. of bar  

(Top) 

No. of bar  

(Bottom) 

fly  

(MPa) 
D @ spacing 

fwy  

(MPa) 

Volume Fraction 

 Vf (%) 

B1 45.2 2 D12 3 D16 520 D10@100 460 0 

B2 45.2 2 D12 3 D16 520 D10@100 460 0.5 

B3 45.2 2 D12 3 D16 520 D10@100 460 0.75 

B4 45.2 2 D12 3 D16 520 D10@100 460 0.25 

B5 45.2 2 D12 3 D16 520 D10@150 460 0.75 

B6 45.2 2 D12 3 D16 520 D10@60 460 0.25 

B7 64.7 2 D12 3 D16 520 D10@100 460 0 

B8 64.7 2 D12 3 D16 520 D10@100 460 0.5 

B9 64.7 2 D12 3 D16 520 D10@100 460 0.75 

B10 84.8 2 D12 3 D16 520 D10@100 460 0 

B11 84.8 2 D12 3 D16 520 D10@100 460 0.75 

B12 84.8 2 D12 3 D16 520 D10@60 460 0.75 

 
 

Experimental Work

High Strebgth Concrete

Concrete mix proportion

(C:S:G)=1:1.52:2.3 

Cement =20 kg

Sand =30.6 kg

Gravel =46 kg

Water = 7.6 kg (W/C=0.38)

Comp. strength= 45.2 MPa

Pure torsion test 6 beams 
with Steel Fibers

4 Beams

(Vf) =  0, 0.25, 0.5, 0.75%

with stirrup spacing 100 mm 

2 Beam

(Vf) =  0.25% @ 60 mm stirrup 
spacing and the 0.75% @150 

mm

Concrete mix proportion

(C:S:G)=1:1.15:2.2 

Cement =20 kg

Sand =23 kg

Gravel =44 kg

Water = 6 kg (W/C=0.3)

Comp. strength= 64.7 MPa

3 beams with stirrup 
spacing 100 mm 

Concrete mix proportion

(C:S:G)=1:1.1:2.1 

Cement =20 kg

Sand =22 kg

Gravel =42 kg

Water = 5 kg (W/C=0..25)

Comp. strength= 84.8 MPa

4 beams with stirrup 
spacing 100 mm 
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Figure 2. Beam Specimen Geometry Details 

2.2. Material Properties 

The concrete compressive strengths shown in Table 2 were found from the average of six 150× 150 mm standard 

cubic samples. The specimens were designed with 45, 65, and 85 MPa 28-day compressive strengths. Table 2 gives the 

concrete mix proportions for the different concrete strength values. Natural sand obtained from the Al-Zubair area in 

Basrah (Iraq) that complies with Iraqi Specification No. 45/1984 [18] was used as fine aggregate. The maximum crushed 

gravel size used was 12.5 mm. Figure 3 shows fine and coarse aggregate grading according to ASTM C33/86 [19]. 

Ordinary Portland cement was used for all three mixtures and conformed to Iraqi specification 5/1984 [17]. A high-

performance concrete superplasticizer based on modified polycarboxylic ether manufactured, supplied by BASF® under 

the commercial name Degussa GLENIUM 54, was used as a water-reducing admixture. A nominal 1.2% of cement 

content superplasticizer dosage was used in all mixtures to achieve compatibility with the other materials. Hooked edge 

steel fibers were added to all mixtures with volume fractions ranging from 0 to 0.75, as shown in Figure 4. 

   

Figure 3. Coarse and Fine Aggregate Grading 
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Table 2. Concrete Mixture Proportions 

Components 

Concrete Mix Proportions 

45.2 MPa 64.7 MPa 84.8 MPa 

1:1.53:2.3 1:1.15:2.2 1:1.1:2.1 

Cement, kg 20 20 20 

Water, kg 7.6 6 5 

W/C 0.38 0.3 0.25 

Fine Aggregate, kg 30.6 23 22 

Coarse Aggregate, kg 46 44 42 

High-ranger Water Reducing Admixture 0.24 0.24 0.24 
 

 

Figure 4. Hooked Steel Fibers 

2.3.  Test Setup and Devices 

Figure 5 shows the details of the test setup. The test setup was designed and constructed to apply a torsional moment 

on the beam specimens. The steel frames were fixed firmly at the ends of the beam specimens to produce the torsional 

arm, and the net length of the torsion lever arm was 0.65 m. The beams were designed to be simply supported at two 

bearings, where the roller supports were installed under the bearing to release the restraint of the beam specimens. This 

design allowed the beam to rotate easily under the applied torque throughout the test. Using a hydraulic universal testing 

machine, a normal load applied to the torsional arm through a spreader beam produced the torque. 

       

Figure 5. Schematic of Test Setup 

2.4.  Test Procedure  

All of the specimens were loaded gradually which lead to increasing the torque until failed. A trial test was conducted 

before testing the specimens. The beam was loaded to failure in the trial test, verifying the loading test instruments and 

collecting data that was checked to guarantee acceptable accuracy. After performing the trial test, the actual tests were 

carried out. Beams were gradually loaded, and at each load increment, readings were manually recorded.  
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2.5.  Twist Angle Measurements     

To inspect the angle of twist, a couple of dial gauges located at 650 mm from the center of longitudinal axis of 

reinforced concrete beam, the dial gauges fixed at the ends of beam at the bottom fiber of the lever arm as shown in 

Figure 5. The twist angle in radian was find, by taking the average of values recorded from a dial gage on the left and 

on right. 

3. Results and Discussion 

Table 3 shows the principal test results, while the torque versus twist angle curves for the high-strength concrete 

beams are provided in Figure 6. 

Table 3. Principal Test Results 

Specimen 
Compressive 

Strength, fc´ (MPa) 

Steel Fibers 

(Vf) 

Spacing between 

 transverse  

reinforcement (mm) 

Torsional Moment 

(Tu), (kN.m) 

Increasing load 

According to 

B1 Beam (%) 

Angle of Twist (𝝓) 

(rad.) 

B1 45.2 0 100 24.68 ---- 0.01923 

B2 45.2 0.5 100 30.99 25.6 0.02530 

B3 45.2 0.75 100 31.37 27.1 0.02600 

B4 45.2 0.25 100 29.69 20.3 0.02400 

B5 45.2 0.75 150 26.17 6.0 0.02250 

B6 45.2 0.25 60 34.74 40.8 0.02640 

B7 64.7 0 100 35.66 44.5 0.02600 

B8 64.7 0.5 100 38.83 57.3 0.03200 

B9 64.7 0.75 100 39.64 60.6 0.03328 

B10 84.8 0 100 42.01 70.2 0.03250 

B11 84.8 0.75 100 46.29 87.6 0.03900 

B12 84.8 0.75 60 52.03 110.8 0.04200 

 

 

Figure 6. Torque-twist Relationships for High-Strength Concrete Beams 

3.1. Effect of Concrete Strength on Ultimate Strength 

Figure 7 and Table 4 show the effect of the torsional moment versus twisting angle for HSC beams B1, B7, and B10 

with compressive strengths of 45.2, 64.7, and 84.8 MPa, respectively. The transverse reinforcement was constant (S = 

100 mm), and the fiber volume fraction was Vf = 0, Results for Vf = 0.75 (beams B3, B9, and B11) are given in Figure 

8 and Table 5. 
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Figure 7. Torque-Twist Behavior of HSC Beams B1, B7, and B10 

 

Figure 8. Torque-Twist Behavior of HSC Beams B3, B9, and B11 

Table 4. Effect of Variation in Compressive Strength on Ultimate Torque and Twist Angle of HSC Beams B1, B7, and B10 

Specimen 
Compressive 

strength (MPa) 

Volume Fraction 

of Fibers (%) 

Spacing 

(mm) 

Ultimate Torque 

(kN.m) 

Percent of 

Increase (%) 

Angle of 

Twist (𝝓) (rad.) 

Percent of 

Increase 

(%) 

B1 45.2 0 100 24.68 --- 0.01923 --- 

B7 64.7 0 100 35.66 44.5 0.02600 35.2 

B10 84.8 0 100 42.00 70.2 0.03250 69.0 

Table 5. Effect of Variation in Compressive Strength on Ultimate Torque and Twist Angle of HSC Beams B3, B9, and B11 

Specimen 
Compressive 

strength (MPa) 

Volume Fraction 

of Fibers (%) 

Spacing 

(mm) 

Ultimate Torque 

(kN.m) 

Percent of 

Increase (%) 

Angle of 

Twist (𝝓) (rad.) 

Percent of 

Increase (%) 

B3 45.2 0.75 100 31.37 --- 0.02600 --- 

B9 64.7 0.75 100 39.64 26.4 0.03328 28.0 

B11 84.8 0.75 100 46.29 47.6 0.03900 50.0 

From these data, as the compressive strength increases from 45.2 to 64.7 and 84.8 MPa, respectively, the ultimate 

torque increases by 44.5% and 70.2%. The twist angle was increased by 35.2% and 69.0%, respectively, and the angle 

of twisting increased by 26.4% and 47.6%, respectively. These results imply that the concrete strength significantly 

affects the ultimate torque and twist angle. 
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3.2. Effect of Fiber Volume Fraction 

Figure 9 shows the behavior of HSC beams with fiber volume fractions of 0, 0.5, 0.75, and 0.25, respectively. The 

compressive strength and spacing between transverse reinforcements for the tested beams in Figure 9 were f′c = 45.2 

MPa and S = 100 mm, respectively. Figure 10 shows the behavior of HSC beams with steel fiber ratios of 0, 0.5, and 

0.75 for specimens with compressive strength f′c = 64.7 MPa and transverse reinforcement spacing S = 100 mm. 

 

Figure 9. Torque-Twist Angle of HSC Beams 

 

Figure 10. Torque-Twist Angle Behavior of HSC Beams 

Table 6 shows the maximum applied torque increase as the steel fiber ratio increases. The ultimate torque was found 

to increase by 20.3, 25.6, and 27.1% as the fiber ratio increased from 0 to 0.25, 0.5, and 0.75, respectively. In Table 7, 

the ultimate torque increases by 8.9 and 11.2% when fiber volume fraction increases from 0 to 0.5 and 0.75, respectively. 

Table 6. Effect of variation in compressive strength on ultimate torques and angle of twist of HSC Beams B1, B2, B3, B4. 

Specimen 
Compressive 

strength (MPa) 

Volume Fraction 

of Fibers (%) 

Spacing 

(mm) 

Ultimate Torque 

(kN.m) 

Percent of 

Increase (%) 

Angle of 

Twist (𝝓) (rad.) 

Percent of 

Increase 

(%) 

B1 45.2 0 100 24.68 --- 0.01923 --- 

B2 45.2 0.5 100 30.99 25.6 0.02530 31.6 

B3 45.2 0.75 100 31.37 27.1 0.02600 35.2 

B4 45.2 0.25 100 29.69 20.3 0.02400 24.8 
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Table 7. Effect of variation in compressive strength on ultimate torques and angle of twist of HSC Beams B7, B8, and B9. 

Specimen 
Compressive 

strength (MPa) 

Volume Fraction 

of Fibers (%) 

Spacing 

(mm) 

Ultimate Torque 

(kN.m) 

Percent of 

Increase (%) 

Angle of 

Twist(𝝓) 

(rad.) 

Percent of 

Increase (%) 

B7 64.7 0 100 35.66 --- 0.02600 --- 

B8 64.7 0.5 100 38.83 8.9 0.03200 23.1 

B9 64.7 0.75 100 39.64 11.2 0.03328 28.0 

In the non-fibrous beams, diagonal cracking is followed by a limited post-cracking load capacity due to the presence 

of stirrups. Failure is then attained by a gradual widening of the diagonal crack. However, the diagonal cracking torque 

and the ultimate torque were substantially increased when steel fibers were added. In that case, the failure occurred by 

diagonal crack widening and stirrup yielding but had a more gradual nature and was accompanied by numerous fine 

cracks at the diagonal failure region surface. This behavior is primarily due to the presence of fibers across the diagonal 

failure surface, which obstruct crack propagation and tend to bind the crack on opposite sides of the failure surface. 

Therefore, numerous diagonal cracks were detected at the external faces of all concrete beams with fibers, especially 

when the percentage of fibers was high. These cracks indicated stress redistribution after cracking and the continued 

resistance to tensile stresses until a complete pull-out of all fibers occurred at the critical crack. 

3.3. Effect of Transverse Reinforcement Ratio 

Figure 11 shows the torque versus twist angle curves of HSC beams B3 and B5 with transverse reinforcement 

spacings of 100 mm and 150 mm, respectively. The compressive strength and fiber volume fraction were constant for 

these beams at f′c = 45.2 MPa and Vf = 0.75, respectively. Figure 12 shows the torque versus twist curves of HSC beams 

B4 and B6 with transverse reinforcement spacings of 100 mm and 60 mm, respectively. For beams B4 and B6, the 

compressive strength and fiber volume fraction of fibers were kept constants at f′c = 45.2 MPa and Vf = 0.25, 

respectively.  The torque versus twist angle curves of HSC beams B11 and B12 with transverse reinforcement spacings 

of 100 mm and 60 mm, respectively, are shown in Figure 13. The compressive strength and fiber volume fraction for 

beams B11 and B12 were constant at f′c = 84.8 MPa and Vf = 0.75, respectively. Tables 8 to 10 show the effect of 

different transverse reinforcement spacings on the ultimate torques and angles of twist of these beams. 

Table 8 shows that when the spacing between transverse reinforcements decreases from 150 mm to 100 mm, the 

ultimate torque increases by 19.9%. When this spacing is reduced from 100 mm to 60 mm, the ultimate torque rises by 

17.0%, as shown in Table 9. Table 10 reveals that when the transverse reinforcement spacing decreases from 100 mm 

to 60 mm, the ultimate torque increases by 12.4%. 

 

Figure 11. Torque-Twist Angle of High Strength Concrete Beams B3 and B5 
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Figure 12. Torque-Twist Angle of High Strength Concrete Beams B4 and B6 

 

Figure 13. Torque-Twist Angle High Strength Concrete Beams B11 and B12 

Table 8. Effect of change in spacing between transverse reinforcement on the ultimate torques and angle of twist of HSC 

Beams B3 and B5 

Specimen 
Compressive 

strength (MPa) 

Volume Fraction 

of Fibers (%) 

Spacing 

(mm) 

Ultimate Torque 

(kN.m) 

Percent of 

Increase (%) 

Angle of 

Twist (𝝓) (rad.) 

Percent of 

Increase 

(%) 

B3 45.2 0.75 100 31.37 19.9 0.02600 15.6 

B5 45.2 0.75 150 26.17 --- 0.02250 --- 

Table 9.Effect of change in spacing between transverse reinforcement on the ultimate torques and angle of twist of HSC 

Beams B4 and B6 

Specimen 
Compressive 

strength (MPa) 

Volume Fraction 

of Fibers (%) 

Spacing 

(mm) 

Ultimate Torque 

(kN.m) 

Percent of 

Increase (%) 

Angle of 

Twist (𝝓) (rad.) 

Percent of 

Increase 

(%) 

B4 45.2 0.25 100 29.69 --- 0.02400 --- 

B6 45.2 0.25 60 34.74 17.0 0.02640 10.0 
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Table 10. Effect of change in spacing between transverse reinforcement on the ultimate torques and angle of twist of HSC 

Beams B11 and B12 

Specimen 
Compressive 

strength (MPa) 

Volume Fraction 

of Fibers (%) 

Spacing 

(mm) 

Ultimate Torque 

(kN.m) 

Percent of 

Increase (%) 

Angle of 

Twist (𝝓) (rad.) 

Percent of 

Increase 

(%) 

B11 84.8 0.75 100 46.29 --- 0.03900 --- 

B12 84.8 0.75 60 52.03 12.4 0.04200 7.7 

These results reveal that the behavior of these beams is similar at the diagonal cracking stage. However, beyond this 

point, when the diagonal crack crosses the shear reinforcement, the stirrups transmit force from one plane to another. 

Therefore, the existence of shear reinforcement allows the beam section to redistribute internal forces and restrict the 

spreading of inclined cracks. The stirrups hold the longitudinal reinforcement in place to increase or maintain the forces 

carried by the aggregate interlock and the dowel action. 

4. Crack Patterns of Tested Beams 

The failure mode of the tested beams is depicted in Figure 14. Beam B1 (control beam) exhibits standard torsion 

failure behavior, with spiral diagonal cracks noted continuously across the beam’s cross-section with a crack angle of 

approximately 45° to the longitudinal beam axis. After the load increases, the concrete is crushed in the center of the 

beam, causing it to fail. This failure mode is typical of beams without steel fibers. Beams with steel fibers, on the other 

hand, fail differently, particularly those with a high 0.75 steel fiber fraction. The key advantage of steel fiber is that it 

can create a crack-control system that prevents pseudo-ductility in post-cracking action. The increase in the beam 

primary cracking strength is called a secondary effect of steel fiber, and it is proportional to the fraction of steel fiber in 

the concrete blend. For a low fraction of steel fiber, the improvement of primary cracking was slight. The improvement 

of the first cracking and Tu depended upon the recycled aggregate, which caused them to be clearly improved.  

  

  

  

  

  

  

Figure 14. The crack patterns of all tested beams 
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In the high-strength concrete beams, the cracks pass through the aggregates and are expected to produce a smooth 

surface. From the test results, it can be observed that the ultimate torsional strength increased as the compressive strength 

of concrete increased. Also, the rate of this increase in ultimate torsional strength increased as the steel fiber volume 

fraction increased. It was noticed that when used steel fibers, the crack development became more gradual so that it 

showed remarkable post-cracking load capacity before failure. In non-steel fibers beams, the formation of an inclined 

crack was regarded as the dominant feature of the beam’s failure mechanism. It was observed that in beams with fibers, 

larger and more cracks counted for a beam at failure stage, and the crack width was less than for non-fibrous beams. 

Several cracks were observed in all fibrous beams with a relatively high percentage of steel fibers, indicating the 

redistribution of stresses beyond cracking. The steel fibers became effective after the formation of the cracks and 

continued to resist the principal tensile stresses until the complete pull-out of all fibers occurred at one critical crack. 

Figure 14 shows the crack patterns of all beams. 

5. Conclusion 

In this study, the effect of steel fibers on the behavior of high-strength reinforced concrete beams under torsion was 

investigated experimentally. The results found that the effect of the fibers on concrete strength was significant when the 

concrete strength increased to 84.4 MPa. The ultimate strength increased by 70.2%, and the ultimate torque increased 

by 110.8% when adding 75% fibers to the concrete mixture when the compressive strength of concrete was 84.8 MPa 

and spacing between transverse reinforcements was 60 mm. Increasing the compressive strength of the section decreases 

the twist angle. The results found that adding steel fibers to concrete increased the cracking strength, and the ultimate 

torsional strength increased by 27.1% when 75% steel fibers were used. However, there was a slight effect on the 

torsional stiffness and the ductility of the beam. Also, the ultimate torque was affected by the amount of the transverse 

reinforcement. It was found that decreasing the spacing between the transverse reinforcements increased the ultimate 

torque by 19.9% when the spacing decreased to 100 mm. In addition, the torsional stresses and deformations of the 

reinforced concrete beams were enhanced by increasing the shear reinforcement. The presence of steel fibers will 

decrease the crack propagation, which becomes more gradual. In non-fibrous concrete beams, the formation of an 

inclined crack was regarded as the dominant beam failure mechanism. Also, the number of cracks at failure was greater, 

and the crack width was smaller for fibrous beams compared to non-fibrous beams. Fibrous beams resisted the principal 

tensile stresses until the complete pull-out of all fibers occurred at a critical crack. Several cracks were observed in all 

fibrous beams having a relatively high percentage of steel fibers, indicating the redistribution of stresses beyond 

cracking. The steel fibers became effective after crack formation and continued until eventual failure.  
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