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ABSTRACT 

This study investigates the torsional behavior of Fiber-Reinforced Concrete (FRC) beams subjected to 

pure torsion. Six concrete mixtures incorporating different fiber types and dosages were tested, including 

Basalt Fibers (BF), Steel Fibers (SF), and Glass Fibers (GF), to evaluate their potential as substitutes of 

traditional transverse reinforcement. The findings show that the fiber type and dosage significantly 

influence the torsional strength and ductility. Incorporating 1% BF reduced the torsional capacity by 53%, 

while 1% GF caused a 14% reduction. In contrast, adding 1% SF improved the torsional strength by 

106%. The hybrid mixtures further enhanced the performance, with a combination of 0.5% BF and 0.5% 

GF, increasing the torsional capacity by 29.6% compared to the control beam. Overall, the results indicate 

that FRC can effectively replace stirrups in torsion-resistant beams, with hybrid fiber systems offering 

additional structural benefits. 
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I. INTRODUCTION  

Concrete is subject to damage due to cracking caused by 
the shrinkage and expansion, earthquakes, etc. This weakness 
allows water to infiltrate the structure, leading to the rust 
expansion of the reinforcing bars and decreased structural 
integrity. Torsion is important in Reinforced Concrete (RC) 
beams because it affects their strength and failure mode. The 
failure due to torsion and sheerness is undesirable as it occurs 
suddenly without warning. Torsion can represent a significant 
challenge in concrete structural elements, including 
eccentrically loaded beams, spandrel beams, and curved 
girders. These structural parts must withstand torsion, and the 
torsion design has gained significance in concrete construction 
[1, 2]. The development and application of new engineering 
materials serve as an essential driver for the innovation of 
engineering structures. Reactive Powder Concrete (RPC) is a 
fiber-reinforced, cement-based composite material with 
extraordinary strength and durability [3, 4]. Compared to 
conventional concrete, RPC demonstrates much higher tensile 

strength [5] and superior post-cracking performance [6]. Its 
improved ductility is mainly attributed to the fiber bridging 
effect across cracks, which can reduce the need for 
conventional reinforcement. However, the research on the 
torsional behavior of RPC beams remains limited. Authors in 
[7] investigated how different fiber types and lengths, including 
synthetic fibers and SF, influence the mechanical and structural 
performance of FRC. The results showed that fibers enhance 
the compressive, tensile, flexural, and torsional strengths, while 
also improving the crack control, ductility, and energy 
absorption under complex loading conditions, such as bending 
and torsion. The fiber length and distribution were found to 
play a critical role in performance. Authors in [8] examined the 
shear strength and structural behavior of High-Strength 
Concrete (HSC) beams reinforced with SF. The findings 
indicated that incorporating 0.75% hooked SF increased the 
shear capacity by about 13.2% while also improved the 
ductility, crack control, and energy dissipation. Similarly, 
authors in [9] focused on Ultra-High-Performance Concrete 
(UHPC) deep beams reinforced with SF and BF. The results 
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revealed that SF generally enhances the shear strength and 
ductility, while BF delays the crack initiation and propagation, 
providing a more sustainable and environmentally friendly 
reinforcement option. 

The research on the torsional performance of UHPC beams 
remains limited compared to the studies on the flexural and 
shear behavior [10, 11]. Moreover, most existing studies on 
RPC beams have primarily focused on the role of SF in the 
torsional performance [12-14]. Incorporating different fiber 
types in suitable proportions may further enhance the overall 
properties of concrete, producing high-performance 
composites. This approach, known as hybridization [15-17], 
has gained increasing attention. Several studies have 
investigated the use of fibers as partial or complete 
replacements for transverse reinforcement in RC beams. 
However, only a few have examined the combined effects of 
the fiber dosage and length on the torsional behavior in beams 
without transverse reinforcement. For example, authors in [18] 
studied concrete beams reinforced with hooked SF of varying 
lengths (13 mm, 35 mm, and 60 mm) and dosages (0%, 0.5%, 
1%, and 1.5%). It was demonstrated that adding SF 
significantly improved the compressive, tensile, flexural, and 
torsional strengths compared to the control specimens. The 
beams with 1% and 1.5% fibers exhibited notable gains in the 
crack resistance, ductility, and energy absorption, effectively 
replacing the conventional stirrups in torsion-loaded beams. 
Furthermore, shorter fibers (13 mm) provided better 
distribution and bonding, leading to improved mechanical 
performance and more ductile failure modes. Similarly, authors 
in [19] demonstrated that SF enhance the torsional strength, 
ductility, and crack control, particularly in beams lacking 
adequate conventional reinforcement. The findings of [20] 
further exhibited that UHPC beams without SF fail in a brittle 
manner under torsion, whereas those with SF fail more 
gradually, showing clear warning signs, such as spiral and 
diagonal cracking. Authors in [21] examined large-scale RC 
beams under pure torsion, comparing different fiber volumes 
and reinforcement configurations. The results confirmed that 
even moderate SF amounts can improve the post-cracking 
torsional capacity, stiffness, and ductility, while also reducing 
the stiffness degradation after cracking. These improvements 
indicate that SFRC can effectively substitute for minimum 
transverse reinforcement, offering both structural and economic 
advantages. 

II. RESEARCH SIGNIFICANCE 

Research on the torsional properties of RPC beams remains 
limited in literature. This study addresses this gap by 
examining the structural behavior, cracking patterns, failure 
modes, cracking torsional strength, and ultimate torsional 
strength of RPC beams without transverse reinforcement. The 
investigation focuses on the effectiveness of fibers as 
substitutes for torsional stirrups, their role in enhancing the 
torsional performance, and the resulting failure mechanisms. 
These insights are essential for developing design approaches 
that incorporate RPC in torsion-resistant structures. To achieve 
this, six concrete mixtures with different fiber types and 
dosages were tested under pure torsional loading, with fibers 
serving as a full replacement for transverse reinforcement. 

III. MATERIAL PROPERTIES 

The production of RPC involved the use of GF, BF, and SF, 
as illustrated in Figure 1. The properties of the fibers are 
detailed in Table I. As shown in Table II, this study 
incorporated varying quantities and percentages of fibers into 
the concrete to modify its characteristics. The samples were 
formulated using ordinary Portland cement, sand, silica fume, 
and fibers. The concrete composition is presented in Table III. 
Additionally, the overall water-to-cement ratio for all 
combinations was maintained at 0.15. Reinforcement bars with 
a diameter of 6 mm were utilized. The results of the ultimate 
and yield strengths of the used bars are displayed in Table IV.  

 

   
(a) (b) (c) 

Fig. 1.  (a) GF, (b) SF, (c) BF. 

TABLE I.  PROPERTIES OF DIFFERENT FIBER TYPES 

Fibers 
Length 

(mm) 

Dimeter 

(mm) 
L/D 

Density 

(kg/m3) 

Tensile 

strength 

(GPa) 

Modulus 

of 

elasticity 

(GPa) 

Elongation 

(%) 

GF 12 0.013 923 2680 1.7 72 2.3 

BF 6 0.017 352 2700 2.6 91 3.1 

SF 12 0.22 54.54 7850 2.4 200 4 

TABLE II.  BEAM DESIGNATION ACCORDING TO FIBER 
TYPE 

TABLE III.  COMPONENTS OF CONCRETE MIXTURES 

Beams 
Cement 

(kg) 

Water 

(L) 

Fine 

sand 

(kg) 

Silica 

fume 

(kg) 

HRWR 

(L) 
BF (kg) SF (kg) 

GF 

(kg) 

B1 24.75 4.5 29.25 6 5.25 1.125 – – – 

B2-1 24.75 4.5 29.25 6 5.25 1.125 0.85 – – 

B3-1 24.75 4.5 29.25 6 5.25 1.125 – – 0.63 

B4-1 24.75 4.5 29.25 6 5.25 1.125 – 2.36 – 

B5B-1 24.75 4.5 29.25 6 5.25 1.125 0.424 1.181 – 

B6B-1 24.75 4.5 29.25 6 5.25 1.125 0.424 – 0.318 

TABLE IV.  STEEL BARS' TENSILE STRENGTH 

Bar diameter (mm) Yield strength (MPa) Ultimate strength (MPa) 

6 468.63 481.7 

Specimens 
Longitudinal 

reinforcement 
 

Fiber component (as a proportion of 

the concrete volume) 

BF (%) SF (%) GF (%) 

B1 169 57 – – – 

B2-1 169 57 1 – – 

B3-1 169 57 – – 1 

B4-1 169 57 – 1 – 

B5B-1 169 57 0.5 0.5 – 

B6B-1 169 57 0.5 – 0.5 



Engineering, Technology & Applied Science Research Vol. 15, No. 5, 2025, 27484-27488 27486  
 

www.etasr.com Jameel et al.: Using Fibers Instead of Stirrups for Enhancing Torsional Strength in Reactive Powder … 

 

A. Geometric Characteristics of Specimens 

The stirrups and longitudinal reinforcement are made from 
deformed steel bars that have a diameter of 6 mm. The 
configuration and physical characteristics of the supplement are 
depicted in Figure 2. 

B. The Process of Casting and Curing of Concrete 

At the University of Technology Civil Engineering 
Department Laboratory concrete was produced. Three layers of 
concrete were poured into the formwork, and each layer was 
crushed by electric vibration. Before being removed from the 
formwork, the beams were kept in the lab for 48 h during 
which the curing process started. The samples in the trays were 
taken out after 48 h and were allowed to air-dry for around 5 h. 
After that, the samples were placed in a hot water bath set at 
60°C for 28 days. Subsequently, the specimens were taken out 
of the water and saved at room temperature until the testing 
date, which was 75 days after casting. Figure 3 shows the 
procedures for getting the samples ready. 

 

 

Fig. 2.  Geometric properties of specimens. 

 

Fig. 3.  Specimen preparation steps. 

C. Loading Condition and Test Setup 

The University of Technology Laboratory analyzed the 
torsion of all beams before they failed. The loads were 
transferred to the test bench via a hydraulic system with a 
capacity of 2000 kN, as illustrated in Figure 4. Two-point loads 
were placed at the ends of the beams using a steel beam with a 
depth of 300 mm and a length of 3.5 m that was inclined at a 
45-degree angle, as portrayed in Figure 5. The beam arms had 
predetermined locations and could withstand a maximum force 
of 300 kN in the longitudinal axis. To create pure torque, the 
center of support had to be situated near the middle of the 
lever's arm. During the experiments, the primary metrics of the 
structural behavior of the beams were documented at each 
loading position. In each experiment, the first crack was 
recognizable to the human eye based on the recorded torsion 
angle (φ), the capacity for torsion, and the maximum capacity 
for torsion. The distribution was scheduled over a specific 
period. The measurements were taken with extreme care every 
0.2 kN of extra weight. Additionally, fissures were present at 
every level. The torsion force increased at a slow rate until the 
beam was overthrown. The decrease was accompanied by a 
decrease in the capacity to bear weight as the beam's rotation 
increased. 

 

 

Fig. 4.  Machine test. 

 

Fig. 5.  The arms and IPE section. 
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IV. RESULTS AND DISCUSSION 

This research involved testing six rectangular concrete 
beams under pure torsion to investigate the efficacy of the fiber 
dose as a substitute for the absence of transverse reinforcement. 
The test results are analyzed using many parameters, including 
cracking patterns, torque rotation diagrams, cracking, ultimate 
torque capacity, and failure mechanisms. 

A. Failure Mode and Crack Pattern 

The control beam (B1) exhibited a typical torsional failure 
mode, as shown in Figure 6. The first crack appeared 
diagonally, spiraling around the tested section toward mid-
span, with an angle of approximately 45°. As loading 
progressed, significant transverse cracks formed on all sides of 
the beam and expanded in opposite directions until failure 
occurred, indicating a ductile failure mechanism. The angle 
between the primary crack and the beam’s longitudinal axis 
was measured at 52°. In contrast, the FRC beams displayed 
distinct crack patterns and failure behaviors. The five fiber-
reinforced specimens showed broadly similar responses. 
During the pre-cracking stage, the torsional angle increased 
gradually and almost linearly with the applied torque. Once the 
surface stress reached the crack strength of RPC, the fibers 
began to separate from the matrix, and one or more cracks 
appeared on the beam’s surface. These cracks generally formed 
at an angle of about 45° to the beam’s longitudinal axis, 
complying with the findings in [15]. 

 

 

Fig. 6.  Specimens that have failed due to torsional loading. 

B. Torsional Moment -Angle of Twist 

This study exposed six RC beams to pure torsion and 
loaded them until deformation occurred. Figure 7 illustrates the 
relationship between the torque and the twisted angle of the 
beams. A comparative analysis of the torsional behavior of the 
FRC beams with that of the control beam is shown in Table V. 
The relationship between the ultimate torsional moment 
(Torque kN·m) and the angle of twist (rad per length) is also 
demonstrated. Figure 8 displays the torsional response of the 
control beam, which has transverse reinforcement but no fibers, 
along with the respective FRC beams, which lack transverse 
reinforcement but incorporate fiber dosages. 

 

 

Fig. 7.  Torsional moment-angle of twist relationship of specimens. 

Adding 1% of BF and GF reduced the torsional moment by 
53% and 14%, respectively. This is because of the limited 
toughness, poor bonding of BF, and a lack of stiffness of GF, 
but when 1% of SF was added, the torsional moment improved 
by 106%. Using HF content significantly enhanced the 
maximum torsional moment of the specimens. Incorporating 
the fiber of the (B5B-1) and (B6B-1) enhanced the torsional 
moment strength by 83.2% and 29.6%, respectively, compared 
to specimen B1. Utilizing more than one type of fiber will 
increase the durability and improve the concrete strength and 
stiffness [22]. Despite the limited experimental data portrayed 
in Figure 8, which presents just five tested beams, these 
comparisons suggest that the fibers could potentially serve as a 
substitute of the stirrups in torsional beams. The experimental 
curves in Figure 8 indicate that this substitution can be 
achieved under certain conditions, provided that an adequate 
number of fibers are used. To fully replace traditional shear 
reinforcement with fibers, the fibrous concrete beams must 
perform at least as well in terms of strength and ductility as 
their conventionally reinforced counterparts. Regarding 
strength, it is feasible to attain equivalent values by 
incorporating the appropriate percentage of fibers. However, 
the ductility characteristics differ when using fibers compared 
to traditional steel reinforcement. Fibers tend to exhibit a slow 
pull-out behavior, which is less effective when significant shear 
crack widths occur. In contrast, traditional steel reinforcement 
can accommodate more plastic deformation. 
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TABLE V.  SUMMARY OF THE EXPERIMENTAL RESULTS 

Beams Tcr (kN.m) Θcr (rad/m) Tu (kN.m) Θu (rad/m) 

B1 0.89 0.00113 3.1 0.035 

B2-1 1.16 0.055 1.44 0.003 

B3-1 1.87 0.048 2.66 0.007 

B4-1 3.26 0.036 6.39 0.07 

B5B-1 1.7 0.049 5.68 0.039 

B6B-1 2.5 0.027 4.02 0.007 

 

V. CONCLUSIONS 

The results of this study present the torsional behavior of 
six RPC beams tested experimentally. The investigation 
evaluates the effect of replacing transverse reinforcement with 
fibers, and the following conclusions are drawn: 

 The cracking and ultimate torques of the Ultra-High-
Performance Concrete (UHPC) beams with hybrid fibers 
from Basalt Fibers (BF) and Glass Fibers (GF) exceeded 
those of the beams with a single type of fiber, showing 
useful hybrid effects. The hybrid use of fibers significantly 
enhanced the torsional performance of UHPC beams. 

 Steel Fibers (SF) enhance the post-cracking rigidity and 
provide a more uniform progression of cracking compared 
to a traditional Reinforced Concrete (RC) beam. This effect 
enhances the performance at serviceability limit states. 

 B2-1 and B3-1, using single fibers, showed a minimal 
enhancement or even a decrease in contrast to B1. 

 The control beam (B1) exhibited a typical torsional failure 
mechanism, with diagonal fractures propagating in a spiral 
pattern. In contrast, the fiber-reinforced beams developed 
distinct crack patterns, generally characterized by a 
dominant major crack. 

REFERENCES 

[1] A. M. F. Jehad and M. H. Al-Sherrawi, "Performance of RC Beams 
reinforced with Steel Fibers under Pure Torsion," Engineering, 

Technology & Applied Science Research, vol. 14, no. 5, pp. 16142–
16147, Oct. 2024, https://doi.org/10.48084/etasr.7687. 

[2] H.-J. Chiu, I.-K. Fang, W.-T. Young, and J.-K. Shiau, "Behavior of 
reinforced concrete beams with minimum torsional reinforcement," 
Engineering Structures, vol. 29, no. 9, pp. 2193–2205, Sep. 2007, 
https://doi.org/10.1016/j.engstruct.2006.11.004. 

[3] F. De Larrard and T. Sedran, "Optimization of ultra-high-performance 
concrete by the use of a packing model," Cement and Concrete 

Research, vol. 24, no. 6, pp. 997–1009, 1994, 
https://doi.org/10.1016/0008-8846(94)90022-1. 

[4] P. Richard and M. Cheyrezy, "Composition of reactive powder 
concretes," Cement and Concrete Research, vol. 25, no. 7, pp. 1501–
1511, Oct. 1995, https://doi.org/10.1016/0008-8846(95)00144-2. 

[5] I. H. Yang, C. Joh, and B.-S. Kim, "Structural behavior of ultra high 
performance concrete beams subjected to bending," Engineering 

Structures, vol. 32, no. 11, pp. 3478–3487, Nov. 2010, 
https://doi.org/10.1016/j.engstruct.2010.07.017. 

[6] I.-H. Yang, C. Joh, and B.-S. Kim, "Flexural strength of large-scale ultra 
high performance concrete prestressed T-beams," Canadian Journal of 

Civil Engineering, vol. 38, no. 11, pp. 1185–1195, Nov. 2011, 
https://doi.org/10.1139/l11-078. 

[7] N. H. Al-Salim, M. H. Jaber, R. F. Hassan, N. S. Mohammed, and H. H. 
Hussein, "Experimental Investigation of Compound Effect of Flexural 
and Torsion on Fiber-Reinforced Concrete Beams," Buildings, vol. 13, 

no. 5, May 2023, Art. no. 1347, 
https://doi.org/10.3390/buildings13051347. 

[8] T.-F. Yuan, D.-Y. Yoo, J.-M. Yang, and Y.-S. Yoon, "Shear Capacity 
Contribution of Steel Fiber Reinforced High-Strength Concrete 
Compared with and without Stirrup," International Journal of Concrete 

Structures and Materials, vol. 14, no. 1, Apr. 2020, Art. no. 21, 
https://doi.org/10.1186/s40069-020-0396-2. 

[9] L. N. Hussain, M. J. Hamood, and E. A. Al-Shaarbaf, "Behavior of ultra-
high-performance concrete deep beams reinforced by basalt fibers," 
Open Engineering, vol. 14, no. 1, Jan. 2024, https://doi.org/10.1515/eng-
2024-0019. 

[10] C. B. Demakos, C. C. Repapis, and D. P. Drivas, "Experimental 
Investigation of Shear Strength for Steel Fibre Reinforced Concrete 
Beams," Open Construction & Building Technology JournalOpen 

Construction & Building Technology Journal, vol. 15, May 2021, 
https://doi.org/10.2174/1874836802115010081. 

[11] U. Hasgul, A. Yavas, T. Birol, and K. Turker, "Steel Fiber Use as Shear 
Reinforcement on I-Shaped UHP-FRC Beams," Applied Sciences, vol. 9, 
no. 24, Jan. 2019, Art. no. 5526, https://doi.org/10.3390/app9245526. 

[12] E. Fehling and M. Ismail, "Experimental Investigations on UHPC 
Structural Elements Subject to Pure Torsion.". 

[13] X. Cao et al., "Torsional capacity of ultra-high-performance concrete 
beams using rectangle stirrup," Journal of Building Engineering, vol. 69, 
Jun. 2023, Art. no. 106231, https://doi.org/10.1016/j.jobe.2023.106231. 

[14] I.-H. Yang, C. Joh, J. W. Lee, and B.-S. Kim, "Torsional behavior of 
ultra-high performance concrete squared beams," Engineering 

Structures, vol. 56, pp. 372–383, Nov. 2013, 
https://doi.org/10.1016/j.engstruct.2013.05.027. 

[15] P. Saravanakumar, M. Sivakamidevi, K. Meena, and S. P. Yamini, "An 
experimental study on hybrid fiber reinforced concrete beams subjected 
to torsion," Materials Today: Proceedings, vol. 45, pp. 6818–6821, Jan. 
2021, https://doi.org/10.1016/j.matpr.2020.12.1003. 

[16] F. Shi, T. M. Pham, H. Hao, and Y. Hao, "Post-cracking behaviour of 
basalt and macro polypropylene hybrid fibre reinforced concrete with 
different compressive strengths," Construction and Building Materials, 
vol. 262, Nov. 2020, Art. no. 120108, 
https://doi.org/10.1016/j.conbuildmat.2020.120108. 

[17] V. S. Vairagade and K. S. Kene, "Experimental Investigation on Hybrid 
Fiber Reinforced Concrete," International Journal of Engineering 

Research and Applications, vol. 2, no. 3, pp. 1037–1041, 2012. 

[18] M. H. Jaber, B. I. Abd Al-Zahra, A. A. Ibrahim, R. F. Hassan, N. H. Al-
Salim, and H. H. Hussein, "Exploring the Effect of Varying Fiber 
Dosages as Stirrup Substitutes in Torsion-Loaded Concrete Beams," 
Buildings, vol. 13, no. 7, Jul. 2023, Art. no. 1865, 
https://doi.org/10.3390/buildings13071865. 

[19] C. E. Chalioris and C. G. Karayannis, "Effectiveness of the use of steel 
fibres on the torsional behaviour of flanged concrete beams," Cement 

and Concrete Composites, vol. 31, no. 5, pp. 331–341, May 2009, 
https://doi.org/10.1016/j.cemconcomp.2009.02.007. 

[20] C. Zhou, J. Wang, W. Jia, and Z. Fang, "Torsional behavior of ultra-high 
performance concrete (UHPC) rectangular beams without steel 
reinforcement: Experimental investigation and theoretical analysis," 
Composite Structures, vol. 299, Nov. 2022, Art. no. 116022, 
https://doi.org/10.1016/j.compstruct.2022.116022. 

[21] L. Facconi, F. Minelli, P. Ceresa, and G. Plizzari, "Steel fibers for 
replacing minimum reinforcement in beams under torsion," Materials 

and Structures, vol. 54, no. 1, Jan. 2021, Art. no. 34, 
https://doi.org/10.1617/s11527-021-01615-y. 

[22] M. Said, A. Salah, A. Erfan, and A. Esam, "Experimental analysis of 
torsional behavior of hybrid fiber reinforced concrete beams," Journal of 

Building Engineering, vol. 71, Jul. 2023, Art. no. 106574, 
https://doi.org/10.1016/j.jobe.2023.106574. 

 


