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ABSTRACT 
This study examines the structural performance of commonly used reinforcement bars in Bangladesh, 

specifically focusing on deformed and plain bars of grades 400W and 500W, under reversible (cyclic) 

loading conditions to simulate seismic effects. The investigation aims to evaluate the mechanical 

behavior of these bars, particularly their buckling characteristics, elongation capacity, and energy 

absorption capabilities. Experimental testing was performed using a Reversible Universal Testing 

Machine (UTM), which enabled precise analysis of the bars' response to cyclic loading. The findings 

reveal a significant difference in performance between deformed and plain reinforcement bars. 

Notably, branded deformed Thermo-Mechanically Treated (TMT) bars, collected from three leading 

domestic manufacturers, demonstrated superior ductility, higher energy dissipation, and greater 

resistance to buckling compared to plain rebar. These enhanced properties indicate that deformed 

TMT bars are more suitable for seismic applications, where energy absorption and deformation 

capacity are critical. However, it is important to note that not all deformed bars exhibit the same level 

of performance, as variations in manufacturing processes and material quality can significantly affect 

their mechanical behavior. The study highlights the importance of selecting appropriate reinforcement 

materials for earthquake-resistant construction, providing valuable insights for structural engineers 

and designers in Bangladesh. The results underscore the need for further research to optimize 

reinforcement bar properties for enhanced structural resilience in seismic-prone regions. 
  

Keywords: 

Seismic Performance, Reinforcement Bars, Cyclic Loading, Energy Absorption, Buckling Behavior. 
  

1. INTRODUCTION 
Bangladesh is situated in a seismically active region, primarily influenced by the tectonic activity of 

the Indian and Eurasian plates, making earthquake-resistant design a critical consideration in 

structural engineering (Ali et al., 2019; Hossain et al., 2021). As urbanization accelerates and high-

rise construction becomes more common, the demand for reinforced concrete structures capable of 

withstanding seismic forces has grown substantially (BNBC, 2020). 

In such structures, the performance of reinforcement bars plays a vital role in ensuring ductility, 

energy absorption, and overall structural resilience during earthquakes (Paulay & Priestley, 1992; 

Park & Ang, 1985). Reinforcement bars, commonly referred to as rebars, are available in various 

forms and grades, with deformed and plain bars of grades 400W and 500W being among the most 

widely used in Bangladesh (Rahman & Islam, 2018). While conventional design codes provide 

guidelines for static loading, the cyclic behavior of these reinforcement bars under seismic conditions 
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remains an area requiring further investigation—particularly in the local context, where variability in 

material quality and manufacturing standards can significantly influence performance (Kabir et al., 

2020). 

Recent developments in steel manufacturing, such as the Thermo-Mechanical Treatment (TMT) 

process, have led to the production of high-performance deformed bars with improved strength and 

ductility (Chakraborty et al., 2017). However, empirical evaluation of these materials under reversible 

cyclic loading is essential to validate manufacturer claims and ensure reliable performance in 

earthquake-prone regions (ACI Committee 318, 2019; Alam et al., 2022). 

This study, therefore, focuses on evaluating the mechanical performance of commonly used 

reinforcement bars in Bangladesh under reversible cyclic loading to simulate seismic effects. By 

comparing the behavior of plain and deformed bars, particularly their buckling resistance, elongation 

capacity, and energy dissipation characteristics, the research aims to provide valuable insights for 

structural engineers and contribute to improving seismic resilience in construction practices across 

Bangladesh. 
 

2. RELATED WORK: 
Reinforcement bars have been widely studied for their mechanical performance under monotonic and 

cyclic loading, particularly for seismic design. International research has emphasized the behavior of 

high-strength deformed bars in terms of ductility, energy dissipation, and buckling resistance. Studies 

by Lowes et al. (2004) and Lehman et al. (2008) demonstrated that bar detailing, confinement, and 

boundary conditions significantly influence the overall hysteretic response and post-yield stability of 

reinforced concrete members during earthquake-type loading. 

 

In South Asia, existing research has primarily addressed the static behavior of rebars available in local 

markets, with limited focus on cyclic loading (Kabir et al., 2020). Specifically in Bangladesh, 

experimental studies evaluating the seismic performance of locally produced Thermo-Mechanically 

Treated (TMT) bars are scarce. While some works have compared tensile strength and chemical 

composition among different commercial brands (Rahman & Islam, 2018), few have investigated 

cyclic behavior such as energy dissipation, elongation, and buckling response under reversed loading. 

 

This study seeks to fill that gap by experimentally assessing both plain and deformed bars (grades 

400W and 500W) commonly used in Bangladesh under reversible cyclic loading. The specimens were 

market-sourced from major domestic manufacturers, providing practical relevance and offering new 

insights into the seismic suitability of locally available reinforcement materials.  
 

3. METHODOLOGY 

 
 3.1 REVERSIBLE TEST PROCEDURE:  

All experimental tests were carried out at the Strength of Materials Laboratory utilizing a 

Reversible Universal Testing Machine (UTM), which is capable of applying both tension and 

compression forces. 

 
 3.2 REVERSIBLE UTM:  
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The Reversible UTM (Figure 1) consists of a stainless-steel main frame, load cell, drive system, 

movable crosshead, control unit, and a manual driving handle (as shown in Figures 2 and 3). It 

is capable of applying both tension and compression loads alternately through a manual switch, 

with the corresponding readings recorded using a dial gauge (Kamruzzaman & Huda, 2018) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-1: Reversible Universal 

Testing Machine (UTM) 

Figure-2: Driving 

Handler 

        Figure-3: Hand Wheel 

 

 

  

3.3 LOADING PATTERN REVERSIBLE LOAD: 
 As earthquake loading involves both tension and compression, a fully reversible cyclic loading 

protocol was adopted in this study. Each cycle consisted of a pair of increasing tensile and 

compressive loads, applied in 10 kN increments from ±25 kN up to ±85 kN. This loading 

sequence was designed to simulate the alternating stress conditions experienced by reinforcement 

bars during seismic events, following procedures similar to those described by Kamruzzaman 

and Huda (2018) and Lowes et al. (2004). Figure 4 illustrates the complete loading pattern used 

in the tests. 

 
 

 
 Figure-4: Loading pattern followed in all the reversible load tests 

 

 
 3.4 SPECIMEN PROPERTIES: 
 Six types of rebars from different brands were utilized in the study (Figure 5), comprising both 

deformed (Brand-1, Brand-2, and Brand-3) and plain bars (Local Brand-1 and Local Brand-2), 

the latter further classified into 'HARD' and 'SOFT' types. Table 1 summarizes their key 

specifications. The classification of 'HARD' and 'SOFT' refers to variations in mechanical 
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behavior: HARD bars typically exhibit higher yield strength with lower ductility, whereas SOFT 

bars are more ductile but possess comparatively lower strength. Tensile tests were conducted to 

evaluate yield strength, ultimate strength, and ductility across the different samples, focusing on 

the performance of Grade 400W and 500W rebars.   

              

Table-1: Material Strength and Sample Size 

 

Types of 

Bars 

Sample 

No. 
Brand Name Strength (MPa) 

Length 

(mm) 

Diameter 

(mm) 

Plain Bars 
1 Local Brand-1 Plain Soft Bar 

52 12 

2 Local Brand-2 Plain Hard Bar 

Deformed 

Bars 

3 
Brand-1  

400W 

4 500W 

5 Brand-2  500W 

6 Brand-3 500W 

7 Brand-4 500W 
 

 

 

  

 Figure-5: (a) Deformed Bar and Plain Bar without modification, (b) Deformed Bar (with 
thread) after modification in workshop 

 

 3.5 REVERSIBLE TEST PROCEDURE ON STEEL REBERS: 
 Loading was applied to the specimen using the Reversible Universal Testing Machine (UTM) 

according to the cyclic loading pattern illustrated in Figure-4. A digital extensometer, as shown 

in Figure-6, was attached to the specimen to accurately record axial elongation during each 

loading cycle. 

(a) 
(b) 
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 Figure-6: Steel was mounted on the UTM loading cell, with a digital extensometer attached to 

measure elongation under reversible loading. 

 
  

 

 

 

 

 

 

 

 

 

4. 

The test procedure consisted of successive tension-compression cycles, where the specimen was first 

subjected to a tensile load, followed by a compressive load, in a reversible manner. Each load level was 

maintained long enough to ensure accurate measurement of strain, and five or six cycles were applied 

depending on the specific loading program. The digital extensometer provided real-time displacement 

data, which was later used to calculate strain and elongation for each hysteresis loop. 

Prior to testing, all specimens were carefully mounted in the UTM loading cell to ensure proper alignment 

and prevent eccentric loading, which could induce premature bending or buckling. The ends of the steel 

rebars were secured using grips compatible with both plain and deformed bars, allowing consistent axial 

loading across all specimens. 

 

RESULT AND DISCUSION 
 The experimental work focused on recording the elongation behavior of steel specimens under 

reversible loading conditions. A total of six different types of steel samples were investigated for 

this purpose, as detailed in Table-1. For each type, more than 15 specimens were tested, and from 

the collected data, the best-fit stress (MPa) vs. strain (%) curves were generated using Microsoft 

Excel. 

 4.1 Local Brand-1 & 2: Experimental Results (Stress-Strain) from Reversible Test on Steel 
 The hard plain bar, as shown in Figure-7, demonstrates the hysteresis response of the tested 

specimen under reversible cyclic loading (as arranged in Figure-4). Six distinct loops were 

observed, representing successive cycles of tension and compression. The initial five loops, 

corresponding to load levels of ±25, ±35, ±45, ±55, and ±65 kN, exhibit relatively narrow areas 

enclosed by the curves, indicating limited energy absorption during the early stages of cyclic 

loading. In contrast, the final loop at a load of ±75 kN is noticeably wider. The steel specimen 

reached a maximum elongation of approximately 0.85% strain, beyond which buckling failure 

occurred under the compressive load of -75 kN. This behavior reflects a gradual degradation of 

stiffness with increasing cycle amplitude, culminating in sudden lateral deformation 

characteristic of axial buckling. 

 

A similar behavior is observed in the soft plain bar (Figure-8). However, its maximum 

elongation, approximately 1.7%, exceeds that of the hard plain bar, indicating greater ductility 

and the ability to undergo more plastic deformation without immediate fracture or instability. 

The limited elongation of the hard bar suggests a more brittle response than the soft plain bar, 
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where higher tensile strength restricts plastic strain accumulation and accelerates local buckling 

under compression. 

 

The area enclosed by each hysteresis loop represents the energy dissipated per loading cycle. The 

soft plain bar forms broader, fuller loops with a relatively symmetric shape on both sides of the 

strain axis, signifying higher energy absorption and superior cyclic stability. In contrast, the hard 

bar produces narrower, sharper loops, indicating lower energy dissipation and a reduced capacity 

to absorb seismic energy. This behavior exemplifies the classic strength–ductility trade-off: while 

the hard bar achieves higher strength, it sacrifices ductility and energy dissipation potential. 

 

Additionally, buckling failure was also observed in plain bars, similar to that seen in deformed 

bars. This consistent failure mode underscores the critical role of geometric stability and 

confinement in enhancing rebar performance during cyclic loading. 

 

 

 

 
 

 
 

 
                                      Figure-7: Stress Vs. Strain curve (Local Brand-Hard) 

 
 

Plain Bar (Hard) 

Stress Vs Strain 
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 Figure-8: Stress Vs. Strain curve (Local Brand-Soft) 
  

 

 

 4.2 Brand-1: Experimental Results (Stress-Strain) from Reversible Test on Steel 

 
 Figures 9 and 10 illustrate the hysteresis responses of Grade 400W and Grade 500W deformed 

bars, respectively, under cyclic (reversible) loading. Both specimens developed five distinct 

hysteresis loops representing successive cycles of tension and compression. The gradual 

widening of the loops with increasing load amplitude reflects progressive plastic deformation 

and improved energy dissipation capability. 

 

The Grade 400W bar exhibited a maximum elongation of approximately 3.5% strain, followed 

by buckling failure under a compressive load of 65 kN, while the Grade 500W bar reached about 

3.4% strain, failing in buckling at 55 kN. These similar strain capacities suggest that increasing 

the steel strength from 400W to 500W does not significantly enhance ductility under cyclic 

loading. 

 

In contrast, when compared to plain bars, both deformed bars show markedly higher ductility an 

approximate increase of 2.6% in maximum elongation—indicating superior ability to undergo 

plastic deformation before instability. The hysteresis loops of the deformed bars are also broader 

and fuller, signifying greater energy absorption and dissipation during cyclic loading. Such 

behavior is desirable for seismic resilience, as it allows the bars to dissipate higher amounts of 

input energy, thereby reducing structural damage. 

 

With respect to buckling behavior, both deformed bars experienced localized buckling after the 

peak load, similar to plain bars but at higher strain levels. The presence of surface ribs and 

enhanced bond characteristics improved geometric stability, delaying the onset of buckling. 

 

Plain Bar (Soft) 

Stress Vs Strain 
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Overall, the comparison reveals that while 400W and 500W deformed bars exhibit comparable 

ductility and failure patterns, both demonstrate significantly better performance than plain bars 

in terms of buckling resistance, elongation capacity, and cyclic energy dissipation. This 

highlights their superior suitability for seismic applications in reinforced concrete structures. 

 
 

 
 Figure-9: Stress Vs. Strain curve (Brand-1/500W) 

 

  

 

 
 Figure-10: Stress Vs. Strain curve (Brand-1/400W) 

 

  

 4.3 Brand-2: Experimental Results (Stress-Strain) from Reversible Test on Steel 

 
 A comparative assessment of Brand-1, Brand-2, and plain bars clearly highlights the superior 

cyclic performance of the deformed reinforcement bars. Both Brand-1 (Grades 400W and 500W) 
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and Brand-2 exhibited significantly greater ductility, energy dissipation, and resistance to cyclic 

buckling compared to the plain bars. Among them, Brand-2 achieved the highest elongation 

capacity of approximately 4.5%, followed by Brand-1 with about 3.4–3.5%, whereas the plain 

bars showed markedly lower elongations in the range of 0.85–1.7%. This demonstrates that the 

ribbed geometry and improved mechanical interlock in deformed bars enhance their ability to 

undergo plastic deformation without premature instability. 

 

In terms of buckling characteristics, all deformed specimens experienced localized buckling after 

reaching their peak strain; however, the onset of buckling occurred at higher deformation levels 

compared to the plain bars. This delayed buckling behavior indicates improved geometric 

stability and load redistribution capacity under cyclic compression. 

 

From an energy dissipation perspective, the hysteresis loops of the deformed bars were 

noticeably broader and more stable, reflecting enhanced capacity to absorb and dissipate input 

energy during cyclic loading. Conversely, the plain bars exhibited narrow and pinched loops, 

characteristic of lower ductility and brittle response. 

 

Overall, these findings confirm that deformed reinforcement bars—particularly Brand-2—offer 

superior seismic performance through higher ductility, delayed buckling, and enhanced energy 

absorption capability. In contrast, plain bars demonstrate limited deformation and rapid stiffness 

degradation, making them less suitable for structures subjected to seismic or cyclic loading 

conditions. 
 

 
 Figure-11: Stress Vs. Strain curve (Brand-2/ 500W) 

 

 4.4 Brand-3: Experimental Results (Stress-Strain%) from Reversible Test on Steel 

 Figure-12 presents the hysteresis response of another Grade 500W deformed bar under cyclic 

loading. The specimen exhibited behavior consistent with that of Brand-1 (Figure-9), forming 
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stable and symmetric hysteresis loops. A maximum elongation of approximately 3.52% was 

recorded before buckling failure occurred under compressive loading. The overall response 

confirms similar ductility, energy dissipation capacity, and buckling characteristics to those 

previously observed for the Brand-1 500W steel bar. 

 

 

 Figure-12: Stress vs. Strain curve (Brand-3/500W) 
 4.5 Brand-4: Experimental Results (Stress-Strain%) from Reversible Test on Steel 

 

Figure-13 presents the hysteresis response of Brand-4, a 500W deformed steel bar, under cyclic loading. 

The specimen formed five distinct hysteresis loops similar to the other deformed bars; however, the last 

two loops appeared nearly identical, suggesting that the specimen had reached its deformation limit. A 

maximum elongation of approximately 2.2% was recorded before buckling failure occurred under a 

compressive load of 65 kN. 

 

Among all the deformed bars (Brands 1–3), Brand-4 exhibited the lowest elongation capacity, indicating 

relatively reduced ductility and earlier onset of stiffness degradation. The nearly repetitive shape of the 

final loops reflects a stabilization of strain amplitude with limited additional plastic deformation. 

Compared to Brand-1 (3.4–3.5%), Brand-2 (4.5%), and Brand-3 (3.52%), this bar demonstrates 

noticeably lower energy absorption, as evidenced by its narrower hysteresis loops and smaller enclosed 

areas. 

 

Despite sharing the same 500W grade, the inferior hysteretic performance of Brand-4 may result from 

variations in steel composition, heat treatment, or residual stress distribution, which can affect the bar’s 

cyclic ductility and buckling resistance. Overall, the response of Brand-4 highlights that strength grade 

alone cannot ensure superior seismic performance; material uniformity and manufacturing quality play a 

crucial role in determining the actual cyclic behavior of reinforcement bars used in seismic zones. 
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 Figure-13: Stress vs. Strain (%) curve (Brand-4/500W) 
  

 

5.  CONCLUSION AND RECOMMENDATION 

  
    This study investigated the mechanical behavior of various steel reinforcement bars under cyclic loading, 

including both plain and deformed bars from different local brands and grades. The following conclusions 

can be drawn: 

 

• Ductility and Elongation: 

Deformed bars (Brands 1–4) exhibited significantly higher elongation and ductility compared to plain 

bars, with maximum strains ranging from 3.4% to 4.5%, whereas plain bars showed much lower 

elongations (0.85–1.7%). Among the deformed bars, Brand-2 demonstrated the highest elongation 

(4.5%), while Brand-4 showed the lowest (2.2%). 

 

• Energy Absorption and Hysteresis Behavior: 

Hysteresis loops of deformed bars were broader and more stable than those of plain bars, indicating 

superior energy absorption and dissipation capacity. Narrower loops and early stiffness degradation 

observed in Brand-4 suggest lower cyclic performance despite being of the same 500W grade as other 

deformed bars. 

 

• Buckling Characteristics: 

All tested bars exhibited localized buckling under compressive loading. Deformed bars resisted buckling 

at higher strains than plain bars, highlighting the role of bar geometry and surface features in enhancing 

geometric stability. 

 

• Practical Implications – Concrete Confinement: 

In real reinforced concrete members, steel rebars are confined within concrete in beams, columns, and 

slabs. This confinement is expected to increase energy absorption capacity and delay buckling failure, 

further improving seismic performance. It is important to note that this study focused solely on unconfined 

steel bars to isolate their intrinsic mechanical behavior. 

 

• Recommendations: 
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Future research should investigate steel rebars under realistic concrete confinement, to evaluate the 

combined effect of material properties and structural boundary conditions on seismic performance. 

Additionally, quality control and standardization of local reinforcement bars should be emphasized, given 

the observed variability in cyclic ductility and energy dissipation among bars of the same grade. 
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