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Abstract: In this paper, the torsional behavior of 8 beams in 4 categories with 2 different 

ultimate concrete compressive strengths (22.92 MPa and 43.47 MPa) was evaluated, and the 

best alternative of shear reinforcement pattern compared to the conventional non-welded 

rectangular stirrup beam (NRSB) was determined. 4 types of beams were modeled using 

SolidWorks, namely—Non-welded Rectangular Stirrup Beam (NRSB), Welded Rectangular 

Stirrup Beam (WRSB), Normal Welded Warren Truss-shaped Beam (NWWTB), and Flipped 

Welded Warren Truss-shaped Beam (FWWTB). The dimension and weight of reinforcement 

were kept the same for all beams. After simulating using ANSYS, it was seen that WRSB 

specimens had the largest torsional moment capacity, while NWWTB in normal orientation 

showed marginal improvement compared to NRSB. 
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1. Research context and objectives 

Reinforced concrete beam—a major structural element—through its lifetime 
faces shear stress, flexural stress, torsion, etc. Along with research on the flexural and 
shear capacity of reinforced concrete beams, a lot of research is also seen to be 
conducted on the torsional behavior as well. For example, Panchacharam and Belarbi 
[1] performed analysis on the torsional behavior of reinforced concrete beams 
strengthened with FRP composites. Deifalla and Ghobarah [2] developed an analytical 
model for torsional strengthening of reinforced concrete beams. Mahzuz et al. [3] 
conducted a study on the strength enhancement of RCC beams for different types of 
shear reinforcement. Three types of specimens—non-welded rectangular stirrup beam 
(NRSB), welded rectangular stirrup beam (WRSB), and welded Warren Truss beam 
(WWTB)—were prepared. All the specimens had the same concrete dimension and 
similar reinforcement weight. The experiment results showed that the load-carrying 
capacity of the WWTB was 35.28% more than the NRSB. Which exceeded WRSB, 
which showed a 10.16% increase in load-carrying capacity compared to NRSB. 

Enhancing the beam capacity by using alternative techniques in an ongoing 
process of research [4,5]. Demir et al. [6] conducted a nonlinear finite element study 
using ABAQUS, showing a 20.8% shear capacity increase in RC T-beams with 
Diagonal Shear Reinforcement (DSR). Saju and Usha [7] conducted a study on the 
flexural strength of RC beams. From the results, it is found that 20% increase in RC 
beams with truss reinforcement compared to beams with normal vertical stirrups. The 
beams with truss reinforcement also deflected less than a normal rectangular stirrup 
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beam. Al-Nasra and Asha [8] studied shear reinforcement types in RC beams, finding 
swimmer bars reduced crack width and length more effectively than traditional stirrups, 
with similar results for bolted and welded bars. Khan et al. [9] experimentally 
investigated shear reinforcement in RC beams using 45° swimmer bars. Beams with 
3-legged swimmer bars showed a 9.3% higher load capacity than traditional stirrups, 
using 30% less shear steel. Another study discloses that WRSB specimens exhibit the 
maximum torsional moment (including the angle of twist) values for both mix ratios, 
with a range of 4.4% to 10% when compared to NRSB. However, for the WWTB 
specimens, the values are nearly the same, ranging from 2.4% to 1% compared to 
NRSB [10]. 

Several studies in the field of numerical simulation of RCC beams using ANSYS 
have been found to evaluate the capacity and strength of the beam with or without 
conducting an experimental test with acceptable accuracy. A work extends ANSYS 
modeling from smeared to a discrete approach, identifying shear cracks and simulating 
load-deflection curves, matching experimental results [11]. Using ANSYS, discrete 
modeling identified shear cracks and simulated load-deflection curves, matching 
experimental results. Monitoring vibration behavior and adjusting FEM parameters 
helped establish damage distribution in beams, with scanning laser equipment 
confirming modal updating’s effectiveness [12]. Shear reinforcement in beams 
prevents premature collapse under high shear stress. Ensuring shear capacity exceeds 
flexural capacity helps to achieve ductile design, with failure mechanisms varying by 
dimensions, geometry, loading, and material properties [13]. Reinforced concrete 
beams face bending, transverse shear, and sometimes torsional forces. Torsion, often 
concurrent with bending and shear, is classified as primary or secondary. Effective 
torsional resistance requires closely spaced stirrups and longitudinal bars, with 
longitudinal bars alone improving strength by only 15% [14]. In another study, 
reinforced concrete beam behavior was analyzed under different shear reinforcement 
patterns using ANSYS software. Six 3D beams were analyzed for ultimate capacity, 
crack formation, and load-deflection response. All reinforcement types were similarly 
effective under static loading [15]. 

Hasan et al. [16] used ANSYS to simulate reinforced concrete beams with four 
shear reinforcement patterns: NRSB, WRSB, NWTB, and WWTB, analyzing flexural 
and shear capacities for different concrete strengths. Compared to NRSB, WWTB 
showed the highest load enhancement, up to 33.74%. The simulation closely matched 
experimental results, differing by 0.5% to 3%. Dahmani et al. [17] developed a 3D 
finite element model of RCC beams using ANSYS with SOLID65 elements and 
smeared reinforcement, validating simulation results against hand calculations. The 
results obtained through simulation using ANSYS were seen to be accurate as per 
validation. They showed the viability of using ANSYS software for analysis of RCC 
beams. Few researchers conducted experimental and non-linear finite element 
analyses of six RC beams under four-point bending using ANSYS Mechanical APDL 
12.0. They compared results with IS 456:2000 code provisions, finding the code’s 
analytical ultimate moment capacity slightly lower than experimental and FEA results 
[18,19]. Kandekar and Talikoti [20] studied the torsional behavior of RC beams 
wrapped with aramid fiber. Experimental and ANSYS simulations showed close 
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results for ultimate loads, first cracking loads, angle of twist, and twisted beam shape. 
Rathi et al. [21] compared the torsional behavior of RC beams wrapped with CFRP 
and GFRP fabric. CFRP-wrapped beams showed greater torsional strength, angle of 
twist, and ductility factor than GFRP-wrapped beams. 

One study numerically evaluates shear performance in reinforced concrete beams 
with different shear reinforcement patterns. Continuous systems (SSSSRS and 
DSSSRS) show 14.4% and 19.8% improved shear performance over conventional 
stirrups [22]. On the other hand, the nonlinear behavior of RC beams even post-tension 
beams is complex due to various parameters. Analysis was done by four-point bending 
tests on RC beams using ANSYS, considering concrete properties, mesh density, steel 
cushions, shear reinforcement, and convergence criteria. The findings aim to enhance 
ANSYS analysis guidelines for RC beams [23,24]. Another study investigates the 
behavior of shallow reinforced concrete beams under transverse loading using finite 
element analysis with ANSYS software. It focuses on stress distribution, cracks, and 
load-deflection relationships. Concrete is modeled with Solid65 eight-noded elements 
and an elastoplastic work hardening model, terminating at crushing. Reinforcement is 
modeled with Link180 elements, with linear elastic behavior before yield and perfectly 
plastic beyond that [25]. Finite Element Analysis (FEA) simulations are highly 
versatile, allowing for the effective modeling and analysis of even non-homogeneous 
numerical problems. This capability enables FEA to achieve satisfactory accuracy 
when compared to lab-based experiments [26–29]. 

Despite extensive research on the torsional behavior and shear reinforcement of 
reinforced concrete (RC) beams, there remains a significant gap in comprehensive 
studies using advanced numerical simulations to analyze different shear reinforcement 
patterns under torsional loads. Though there are few studies as mentioned above, a 
detailed numerical investigation using ANSYS on the torsional behavior of RC beams 
with different shear reinforcement patterns has not been thoroughly explored. This 
study aims to fill this gap by conducting a nonlinear finite element analysis (FEA) 
using ANSYS to compare the torsional performance of RC beams with various shear 
reinforcement configurations. By doing so, it seeks to provide deeper insights into 
optimizing shear reinforcement for enhanced torsional resistance, potentially reducing 
the need for extensive experimental testing and offering more efficient design 
solutions for structural engineers. 

Based on the above contextual foundation, the knowledge gap is clearly identified. 
Therefore, the objective of this research is: 
 To analyze the torsional behavior of reinforced concrete beams with four 

different types of shear reinforcement patterns (NRSB, WRSB, NWWTB, 
FWWTB) using ANSYS. 

 To identify the most effective shear reinforcement pattern in enhancing torsional 
resistance compared to the conventional non-welded rectangular stirrup beam 
(NRSB). 
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2. Research method 

2.1. Selection of models 

In total, eight beams were modeled, and their torsional behavior was analyzed. 
These eight beams were divided into three patterns with two different concrete 
compressive strengths. All the beams were of the same dimension, i.e., length = 1220 
mm, width = 127 mm, and height = 203 mm. The concrete cover for reinforcement 
was 30.5 mm on the sides and 43.5 mm on the top and bottom faces, meeting the 
minimum requirements. The reinforcement patterns of NRSB, WRSB, NWWTB, and 
FWWTB are shown in Figures 1–4. All the flexural reinforcements were 16 mm dia 
rebar, and all the shear reinforcements were 100 mm dia bars. To observe the effect of 
torsion, the weight of steel in all patterns is kept the same. Thus, the costs of the 
different patterns of the beam were the same. This could make the comparison easier. 
The flow diagram of the study is shown in Figure 5. 

 
Figure 1. NRSB reinforcement pattern and dimension. 

 
Figure 2. WRSB reinforcement pattern and dimension. 

 
Figure 3. NWWTB reinforcement pattern and dimension. 

 
Figure 4. FWWTB reinforcement pattern and dimension. 
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Figure 5. Flow diagram of research method. 

The concrete model and the different reinforcement models are shown in Figures 
6–9. Note that the truss models were created using SolidWorks and later exported to 
ANSYS Workbench. 

 
Figure 6. Created concrete model in solid works. 

 
Figure 7. NRSB reinforcement model. 

 
Figure 8. WRSB reinforcement model. 
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Figure 9. WWTB reinforcement model. 

2.2. Importing model to ANSYS workbench 

SolidWorks uses a proprietary file extension for image files called SLDPRT, 
which stands for SolidWorks Part file. ANSYS does not directly support the file 
format. So, in order to import the file to the ANSYS Workbench, the SLDPRT file 
needed to be transformed into a vendor-neutral file format that ANSYS supports, such 
as Parasolid, IGES, STEP, etc. The SLDPRT files were converted to IGES file format 
directly by using SolidWorks and then imported to ANSYS. The Initial Graphics 
Exchange Specification (IGES) is a vendor-neutral file format that allows the digital 
exchange of information among computer-aided design systems. 

2.3. Pre-processing 

The preprocessing process contains assigning the material properties of different 
parts, meshing, applying constraints, and applying loads. The preprocessing method 
will be discussed in brief within the next few chapters. 

There are several methods to evaluate the non-linear behavior of concrete. In this 
paper, the modified Hognestad piecewise elastic model [30] was used to obtain the 
compressive uniaxial stress-strain relationship. The following Equations (1)–(4) were 
used to compute the engineering multilinear isotropic stress-strain curve for the 
concrete. 

𝐸௖ = 4730 ඥ𝑓௖
ᇱ (1)

𝑓 =
𝐸௖  𝜀

1 + ቀ
𝜀
𝜀଴

ቁ
ଶ (2)

𝜀଴ =
2𝑓௖

ᇱ

𝐸௖
 (3)

𝐸௖ =
𝑓

𝜀
 (4)

2.4. Material properties of concrete and steel 

Elastic Perfectly Plastic Material Model was used for modeling the steel 
reinforcement materials. The grade of steel used in the beams was 500 W, i.e., the 
yield strength of steel is 500 MPa. The values of Young’s modulus, tangent modulus, 
and Poisson’s ratio were taken as 200,000 MPa, 1450 MPa, and 0.3, respectively. Two 
concrete compressive strengths are considered for the study; one is relatively low 
(22.92 MPa), and another is moderate (43.47 MPa) 28-day strengths. The stress-strain 
curve of steel and two different concrete compressive strengths are shown in Figures 
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10 and 11. Mild steel electrodes were used, and the electrodes were E6012. The tensile 
strength of the electrode was 414 MPa. Bilinear isotropic hardening data were inserted, 
and material was assigned. 

 
Figure 10. Stress-strain curve for steel reinforcement. 

 
Figure 11. Uniaxial stress-strain curve for two different concrete compressive 
strengths (Poisson’s ratio-0.18). 

2.5. Generation of mesh 

Meshing is an integral part of the computer-aided simulation process. The mesh 
affects the accuracy, convergence, and speed of the solution. Furthermore, the time it 
takes to create and mesh a model is often a significant part of the time it takes to get 
results from a CAE solution. The better and more automated the meshing tools, the 
better the solution. For solid models, ANSYS meshing technologies provide robust, 
well-shaped, quadratic tetrahedral meshing on even the most complex geometries. As 
the model is comprised of rectangular solids and cylindrical solids, the quadratic 
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tetrahedral mesh was created in the patch confirming method. The mesh element size 
was 8 mm according to mesh sensitivity analysis. The number of elements varied from 
66,411 to 66,832, and the number of nodes varied from 32,565 to 32,590 depending 
on the model. The meshed parts are shown in the following figures (Figures 12–16). 

 
Figure 12. Concrete model after meshing. 

 
Figure 13. Meshed model of NRSB reinforcement. 

 
Figure 14. Meshed model of WRSB reinforcement. 

 
Figure 15. Meshed Model for WWTB Reinforcement (Normal orientation). 
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Figure 16. Meshed model for WWTB reinforcement (Flipped orientation). 

2.6. Boundary condition and load increment 

The beam had fixed support at one end. Typically, plastic hinges in terms of 
boundary conditions are between 0.1 and 0.2 for a cantilever beam; consideration of 
0.2 is more common. Fixed support was selected directly from the ANSYS 
Workbench command list (Figure 17). The total moment applied to the finite-element 
model is divided into a series of increments called steps. A step corresponds to a set 
of loads for which you want to obtain a solution and review results. Solving an analysis 
with nonlinearities requires convergence of an iterative solution procedure. The 
convergence of this solution procedure requires the load to be applied gradually with 
solutions carried out at intermediate load values. These intermediate solution points 
within a step are referred to as sub-steps. Essentially, a sub-step is an increment of 
load within a step at which a solution is carried out. The moment is applied on the free 
end as shown in Figure 18, and the number of steps and sub-steps is shown in Figure 
19. 

 
Figure 17. Assigned fixed support. 

 
Figure 18. Assigned moment. 
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Figure 19. Number of steps and sub-steps. 

2.7. Solution and post-processing 

The meshed models were analyzed. After the analysis, required data or images 
are extracted from ANSYS for further analysis. For further analysis, the essential data 
are loading values, stress distribution, and maximum equivalent stress in both concrete 
and steel. In addition, all the values were imported from ANSYS to Excel for making 
the necessary graphs. Moreover, the required screenshots were taken from ANSYS. 
Thereafter, all the graphs and analysis are presented in the ‘Result and Discussion’ 
section. 

3. Result and discussion 

In an under-reinforced beam, steel yields while concrete remains under-stressed. 
Cracks appear on the beam as the stress in the steel reaches the yield point. The 
torsional moment capacity of the beams until the steel yields is presented in Figures 
20 and 21 for fc' of 22.92 MPa and 43.47 MPa, respectively. The ultimate torsional 
moment of each beam is presented in Table 1. Note that the FWWTB-type beam was 
out of experimental data. The other beams show a little variation in results ranging 
from 3.25%–6.95%. Also, the information related to the ultimate angle of twist is 
shown in the table. The ultimate torsional moment of each type of beam was taken and 
compared with NRSB. The comparison is shown in Figures 22 and 23 for 22.92 MPa 
and 43.47 MPa, respectively. From Figures 22 and 23, it can be said that the torsional 
moments of +0.5%, −10.1%, and +12.1% are seen for NWWTB, FWWTB, and 
WRSB with respect to NRSB for the concrete compressive strength of 22.92 MPa. 
The respective values are +1.9%, −1.8%, and +6.5% for the concrete compressive 
strength of 43.72 MPa. Therefore, it can be seen that the WRSB beam has the highest 
ultimate torsional moment carrying capacity and the ultimate angle of twist, while 
FWWTB has the lowest in both. 

The stress distribution across concrete for NRSB, WRSB, NWWTB, and 
FWWTB is shown in Figures 24–27, respectively. By the visual comparison of 
Figures 20 and 21, it is seen that more stress and moments can be shared by the 
reinforcement of WRSB compared to others. Also, from Figures 24–27, it can be seen 
that the contribution of reinforcement is more obvious in WRSB and NRSB. FWWTB 
and NWWTB are showing more red sections than others, having less contribution of 
reinforcement. 
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Figure 20. Stress vs applied moment for fc' of 22.92 MPa. 

 
Figure 21. Stress vs applied moment for fc' of 43.47 MPa. 

 
Figure 22. Increment compared to NRSB for fc' of 22.92 MPa. 
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Figure 23. Increment compared to NRSB for fc' of 43.47 MPa. 

 
Figure 24. Stress distribution across NRSB. 

 
Figure 25. Stress distribution across WRSB. 

 
Figure 26. Stress distribution across NWWTB. 

 
Figure 27. Stress distribution across FWWTB. 
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Table 1. Ultimate torsional moment and angle of twist for each fc'. 

28-day compressive strength of Concrete, fc' Beam Type 
FEA Ultimate Torsional 
Moment 

FEA Ultimate Angle of twist, 
Ø (Rad/m) × 10−3 

22.92 MPa 

NRSB 9.26 13.00 

WRSB 10.38 14.73 

NWWTB 9.31 13.20 

FWWTB 8.33 11.81 

43.72 MPa 

NRSB 10.13 10.43 

WRSB 10.78 11.11 

NWWTB 10.31 10.62 

FWWTB 9.94 10.40 

4. Conclusion 

For reinforced concrete beams, torsional failure is a brittle type failure. The 
pattern of shear reinforcement plays an important role in preventing this problem. In 
this research, FE analysis (supported by ANSYS and SOLIDWORKS) is done for 
varying patterns of shear reinforcement (i.e., Welded Rectangular Stirrup Beam 
(WRSB), Normal Welded Warren Truss-shaped Beam (NWWTB), and Flipped 
Welded Warren Truss-shaped Beam (FWWTB), keeping the performance of the 
conventional one in parallel (i.e., Non-Welded Rectangular Stirrup Beam (NRSB)). In 
conclusion, the following comments can be presented: 
a) For both values of compressive strength, WRSB had the highest ultimate 

torsional moment and angle of twist capacity. 
b) After WRSB, NWWTB, followed by NRSB, showed better performance. 

FWWTB showed the lowest capacity. 
c) For WRSB, torsional moment was 12.1% and 6.5% higher than NRSB for 

concrete compressive strength of 22.92 MPa and 43.47 MPa, respectively, 
whereas the torsional moment for NWWTB was 0.5% and 1.9% higher than 
NRSB for the two values, and FWWTB performed worse than NRSB by 10.1% 
and 1.8% higher than NRSB for concrete compressive strength of 22.92 MPa and 
43.47 MPa, respectively. 

d) Experimental investigation ensuring the mentioned physical condition (in Section 
3.0 Research Method) can give a better understanding. More analysis can be done 
using ANSYS Mechanical APDL, particularly using the CPT 215 element, in 
order to get the cracking pattern and angle of twist from ANSYS Mechanical 
APDL. 

e) The result got from this study may be useful for further study in this field as well 
as for practicing professionals. 

f) The data presented in this paper is entirely generated through software operations, 
with no validation against experimental data. As a result, there is an opportunity 
to strengthen the findings through experimental investigation. This limitation 
should be acknowledged as a potential shortcoming of the current study. 
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Abbreviations 

𝐸௖ Modulus of elasticity of concrete 

f Stress at any strain, 𝜀, MPa 

𝜀 Strain at stress, f 

𝜀଴ Strain at ultimate compressive strength, 𝑓௖
ᇱ 

NRSB Non-welded Rectangular Stirrup Beam  

WRSB Welded Rectangular Stirrup Beam  

NWWTB Normal Welded Warren Truss-shaped Beam and  

FWWTB Flipped Welded Warren Truss-shaped Beam  
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