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    ABSTRACT

    Tensile testing is widely used to characterize the mechanical response of metallic materials. This study analyzes the tensile response of low-carbon steel specimens across different thickness and diameter ranges based on experimental data obtained using a Universal Testing Machine. Three specimen groups were evaluated: flat plate specimens with thicknesses of 4, 6, 8, 10, 16, and 20 mm; plain reinforcing steel with nominal diameters of 8, 10, and 12 mm; and deformed reinforcing steel with nominal diameters of 10, 13, 16, 19, and 22 mm. Each dimensional group was tested three times. The analyzed parameters were yield strength, ultimate tensile strength (UTS), and elongation. The results showed that tensile response did not exhibit a uniform monotonic relationship with specimen thickness or diameter. Plate specimens produced UTS values of 400.58–523.20 MPa, plain reinforcing steel 517.52–538.43 MPa, and deformed reinforcing steel 596.99–674.43 MPa. The observed responses indicate that specimen size should be interpreted together with specimen type and geometry rather than as an isolated determinant of tensile properties
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INTRODUCTION


Tensile
testing is one of the fundamental mechanical tests used to characterize
metallic materials. The test provides important mechanical parameters,
including yield strength, ultimate tensile strength (UTS), and elongation,
which are widely used in material evaluation, engineering design, and
assessment of material performance (Singh, 2022; ASTM E8/E8M, 2010).


The
reliability of tensile-test results is influenced not only by the testing
machine and specimen preparation but also by the specimen gripping system. The
gripping system must transfer the applied load to the specimen while
maintaining appropriate alignment and preventing undesirable specimen movement
during loading (Dabhi et al., 2016). Previous development of grips for circular
tensile specimens has also demonstrated the importance of adapting the gripping
configuration to specimen geometry (Akinribide et al., 2013).


Universal
Testing Machines are designed to accommodate different mechanical testing
applications and specimen configurations. Previous development of portable UTM
systems has demonstrated their application for investigating the mechanical
properties of engineering materials (Rizal et al., 2023; Singh, 2022).


Specimen
geometry is particularly important in tensile testing because the measured
response is obtained from a specific specimen configuration and loading
condition. Factors associated with specimen geometry and gripping can influence
stress concentration around the gripping region and consequently affect the
testing response (Fazlali et al., 2024). The research dataset underlying this
study contains three specimen groups: flat plate specimens with thicknesses of
4, 6, 8, 10, 16, and 20 mm; plain reinforcing steel with nominal diameters of
8, 10, and 12 mm; and deformed reinforcing steel with nominal diameters of 10,
13, 16, 19, and 22 mm. Each dimensional group was tested three times. 


The
original research was primarily developed to evaluate the functional
performance of different gripping configurations on a Universal Testing
Machine. In this article, the same experimental dataset is analyzed from a
different perspective, namely the tensile response across different specimen
thickness and diameter ranges.


An
important consideration is that the experimental design was not established as
a controlled single-factor experiment in which thickness or diameter was
independently varied while all other material characteristics remained
constant. Therefore, the observed differences are interpreted as
tensile-response patterns across the tested specimen groups, rather than as
evidence of a direct causal effect of specimen dimension.


The
objective of this study was to characterize the tensile response of steel
specimens across different thickness and diameter ranges based on yield
strength, UTS, and elongation. Particular attention was given to identifying
whether the measured responses exhibited monotonic or non-monotonic patterns
within each specimen group.


 


 


 


THEORETICAL
REVIEW


Tensile
Testing of Metallic Materials


Tensile testing is a mechanical testing method used to
determine the response of a material subjected to tensile loading. The
resulting stress–strain response provides information about several mechanical characteristics,
including yield strength, ultimate tensile strength, and elongation. These
parameters are commonly used to characterize metallic materials and support
engineering evaluation (Singh, 2022; ASTM E8/E8M, 2010).


ASTM E8/E8M provides requirements and procedures for
tension testing of metallic materials. Appropriate specimen preparation,
loading, and alignment are important considerations because the measured
mechanical response should represent the behavior of the tested material rather
than unintended effects from the testing arrangement (ASTM E8/E8M, 2010).


 


Yield
Strength, Ultimate Tensile Strength, and Elongation


 Yield
strength represents the stress associated with the transition toward
significant plastic deformation. UTS represents the maximum engineering stress
reached during tensile loading, whereas elongation describes the deformation
capability of the specimen before fracture.


Strength and
ductility represent different aspects of material behavior. Consequently, a
specimen with relatively high tensile strength does not necessarily exhibit the
highest elongation. The simultaneous consideration of yield strength, UTS, and
elongation therefore provides a more complete description of tensile response.


In this study, yield
strength and UTS are treated as strength-related parameters, while elongation
is considered an indicator of deformation capability. This distinction is
particularly relevant when the response of specimens with different dimensional
ranges is compared. 


 


Universal
Testing Machine and Gripping System


A
Universal Testing Machine (UTM) is used to apply controlled mechanical loading
to a specimen and record its response during testing. A UTM generally
incorporates a loading system, force measurement system, displacement measurement
system, data acquisition system, and specimen gripping system (Rizal et al.,
2023; Singh, 2022).


The
gripping system is responsible for holding the specimen during loading and
transferring the applied force to the specimen. Appropriate grip design is
important because the grip must accommodate specimen geometry while providing
sufficient contact to prevent undesirable movement during testing (Dabhi et
al., 2016).


Previous
work on grip development for circular tensile specimens demonstrated the importance
of adapting the gripping configuration to specimen geometry (Akinribide et al.,
2013). In addition, grip geometry may influence stress concentration in the
gripping region, which can affect specimen response and failure behavior
(Fazlali et al., 2024).


The
research report used three gripping configurations corresponding to three
specimen groups: flat plates, plain reinforcing steel, and deformed reinforcing
steel. 


Although
the gripping system is important to the experimental arrangement, it is not the
principal independent variable in the present article. The present study
focuses on the tensile response obtained from specimens with different
thicknesses and diameters.


 


Specimen
Geometry and Tensile Response


Specimen
geometry is an important consideration in tensile testing because the measured
response is obtained from a particular specimen configuration. The present
experimental dataset contains three principal geometrical groups:


1.      
flat plate specimens;


2.      
plain reinforcing steel with circular cross-sections;


3.      
deformed reinforcing steel with profiled surfaces.


The plate
specimens cover thicknesses of 4–20 mm, while the plain and deformed
reinforcing-steel specimens cover nominal diameters of 8–12 mm and 10–22 mm,
respectively. The different dimensions provide an opportunity to examine the
observed tensile response across the investigated ranges.


However,
specimen dimension should not automatically be interpreted as an independent
cause of differences in tensile properties. The specimen groups also differ in
cross-sectional form, specimen type, and gripping configuration. Consequently,
the present analysis is intended to describe observed tensile-response patterns
rather than establish a causal relationship between thickness or diameter and
mechanical properties.


 


Strength–Ductility
Relationship


Strength
and ductility represent complementary characteristics of tensile behavior.
Yield strength and UTS describe the resistance of a material to tensile
loading, whereas elongation provides information about the deformation
capability of the specimen. An increase in strength does not necessarily
correspond to an increase in elongation. Therefore, evaluating strength and
ductility simultaneously is important when interpreting tensile-test results.


This
consideration is particularly relevant to the present dataset because some
dimensional groups exhibit relatively high UTS values but different elongation
values. The present analysis therefore considers the three tensile parameters
together rather than using UTS as the sole indicator of tensile performance.


 


Research
Position


Previous
studies have addressed tensile testing from several perspectives, including the
development of UTM systems, specimen gripping systems, and grip geometry
(Akinribide et al., 2013; Dabhi et al., 2016; Rizal et al., 2023). Research has
also considered stress concentration associated with gripping conditions during
tensile testing (Fazlali et al., 2024). The present article takes a different
analytical position by examining the tensile response across different specimen
thickness and diameter ranges using an existing experimental dataset.


Thus, the
main analytical object of this article is the specimen tensile response,
represented by yield strength, UTS, and elongation. This distinction is
important because the first article derived from the research focuses on the
functional evaluation and repeatability of the gripping configurations, whereas
the present article focuses on the dimensional patterns of tensile response.


 


METHODOLOGY 



Research
Location and Testing System


The
experimental work was conducted in the Mechanical Engineering Laboratory of
Politeknik Negeri Medan using a Universal Testing Machine. The original
research was an experimental study involving tensile testing of different
specimen groups using three gripping configurations. The research report states
that the testing involved repeated tensile tests and analysis of yield
strength, UTS, elongation, and coefficient of variation. 


The
testing was conducted at room temperature, with the specimen gripping
configuration selected according to the geometry and surface characteristics of
each specimen group.  


 


Specimen
Groups


The
analyzed dataset consisted of three specimen groups.


 


Table 1. Specimen groups and dimensional
variations





 
  
   	
   Specimen group

   
   	
   Cross-sectional form

   
   	
   Dimension

   
   	
   Number of groups

   
  

 
 
  	
  Plate

  
  	
  Flat

  
  	
  4,
  6, 8, 10, 16, 20 mm

  
  	
  6

  
 

 
  	
  Plain
  reinforcing steel

  
  	
  Circular

  
  	
  Ø8,
  Ø10, Ø12 mm

  
  	
  3

  
 

 
  	
  Deformed
  reinforcing steel

  
  	
  Circular/deformed

  
  	
  Ø10,
  Ø13, Ø16, Ø19, Ø22 mm

  
  	
  5

  
 







Each
dimensional group was tested three times.


 


Three
groups of low-carbon steel specimens were evaluated, consisting of flat plate
specimens, plain reinforcing steel, and deformed reinforcing steel. The plate
specimens had thicknesses of 4, 6, 8, 10, 16, and 20 mm. The plain reinforcing
steel specimens had nominal diameters of 8, 10, and 12 mm, while the deformed
reinforcing steel specimens had nominal diameters of 10, 13, 16, 19, and 22 mm.
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 Figure 1. Geometry and
dimensional specifications of the tensile specimens used in the study: (a) flat
plate, (b) plain round specimen, and (c) deformed reinforcing-steel specimen.


 


         The
specimen geometries were selected according to the corresponding gripping
configuration used during the tensile tests. The dimensional variations
provided the basis for examining the tensile response across different
thickness and diameter ranges.


 


Testing
Arrangement


Three
gripping configurations were used in the original experimental work.


1.       Jaw
I was used for plate specimens.


2.       Jaw
II was used for plain reinforcing steel.


3.       Jaw
III was used for deformed reinforcing steel.


     The
report describes the research as involving different gripping geometries,
including straight-serrated, cross-serrated, and V-shaped configurations. 


     In
the present article, the gripping configuration is considered part of the
testing arrangement rather than the main independent variable.


 


Tensile
Testing Procedure


     The
specimens were installed in the UTM using the appropriate gripping
configuration. Tensile loading was subsequently applied and the mechanical
response was recorded. The experimental procedure was based on tensile testing
of metallic specimens according to the general principles of ASTM E8/E8M. For
each dimensional group, three repeated tests were performed. The resulting
tensile parameters were summarized as yield strength, UTS, and elongation.


 


Data
Analysis


     The
analysis consisted of descriptive evaluation of the measured tensile
parameters. The principal parameters were:


1.       yield
strength;


2.       ultimate
tensile strength;


3.       elongation.


     The
analysis was performed in five stages:


1.       summarizing
the tensile response for each dimensional group;


2.       examining
the response across plate thickness;


3.       examining
the response across reinforcing-steel diameter;


4.       comparing
the observed ranges among specimen groups;


5.       evaluating
the relationship between strength and elongation.


     Coefficient
of variation was retained only as supporting information and was not used as
the primary analytical parameter. This distinction was made intentionally
because repeatability was the main analytical theme of the first article.


 


RESEARCH RESULTS


Tensile
Response of Plate Specimens


The
plate specimens were tested at six thicknesses: 4, 6, 8, 10, 16, and 20 mm.


 


Table 2. Tensile response of plate specimens





 
  
   	
   Thickness (mm)

   
   	
   Yield Strength (MPa)

   
   	
   UTS (MPa)

   
   	
   Elongation (%)

   
  

 
 
  	
  4

  
  	
  332.18

  
  	
  400.58

  
  	
  23.19

  
 

 
  	
  6

  
  	
  294.07

  
  	
  445.71

  
  	
  23.82

  
 

 
  	
  8

  
  	
  291.13

  
  	
  451.33

  
  	
  23.02

  
 

 
  	
  10

  
  	
  348.82

  
  	
  523.20

  
  	
  30.82

  
 

 
  	
  16

  
  	
  363.82

  
  	
  448.38

  
  	
  25.85

  
 

 
  	
  20

  
  	
  258.38

  
  	
  425.05

  
  	
  28.95

  
 







 


  The
values in Table 2 are derived from the three repeated tests reported for each plate
thickness. Yield strength ranged from 258.38 to 363.82 MPa. The highest yield
strength was obtained at 16 mm, while the lowest value occurred at 20 mm.


 
UTS ranged from 400.58 to 523.20 MPa. The highest UTS was recorded at 10 mm,
with a value of 523.20 MPa. Elongation ranged from 23.02 to 30.82%, with the
highest value also occurring at 10 mm. The results indicate that the plate
group did not exhibit a simple monotonic relationship between thickness and
tensile response. UTS increased from 4 to 10 mm but decreased at 16 and 20 mm. This
behavior indicates that increasing thickness alone cannot be used to predict
the tensile strength of the plate specimens in the present dataset.
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Figure 2.
Tensile response of plate specimens across different thicknesses.


 


 
Figure 2 shows that the tensile response of the plate specimens varied across
the investigated thickness range. UTS increased from 400.58 MPa at 4 mm to
523.20 MPa at 10 mm, followed by a decrease to 448.38 MPa at 16 mm and 425.05
MPa at 20 mm. Yield strength showed a different pattern, increasing to its
highest value of 363.82 MPa at 16 mm before decreasing to 258.38 MPa at 20 mm.
Elongation also varied, with the highest value of 30.82% recorded at 10 mm. The
figure therefore illustrates that the three tensile parameters did not follow
the same trend as plate thickness increased.


 


Tensile
Response of Plain Reinforcing-Steel Specimens


 
The plain reinforcing-steel specimens were tested at nominal diameters of 8,
10, and 12 mm. The measured yield strength, ultimate tensile strength (UTS),
elongation, and supporting coefficient of variation of UTS are presented in
Table 3.


 


Table 3. Tensile response of
plain reinforcing-steel specimens





 
  
   	
   Diameter (mm)

   
   	
   Yield Strength (MPa)

   
   	
   UTS (MPa)

   
   	
   Elongation (%)

   
   	
   CV UTS (%)

   
  

 
 
  	
  8

  
  	
  359.61

  
  	
  517.52

  
  	
  19.98

  
  	
  2.56

  
 

 
  	
  10

  
  	
  327.81

  
  	
  538.43

  
  	
  19.99

  
  	
  0.98

  
 

 
  	
  12

  
  	
  348.55

  
  	
  537.27

  
  	
  23.14

  
  	
  0.88

  
 







 


 
Yield strength ranged from 327.81 to 359.61 MPa, while UTS ranged from 517.52
to 538.43 MPa. The highest yield strength was obtained at 8 mm, whereas the
highest UTS was obtained at 10 mm. The UTS values at 10 and 12 mm were
relatively close. Elongation increased from approximately 20% at 8 and 10 mm to
23.14% at 12 mm.


 
The results indicate that the tensile response of the plain reinforcing-steel
specimens did not follow a uniform monotonic pattern with increasing nominal
diameter. The maximum yield strength, maximum UTS, and maximum elongation
occurred at different diameters. Thus, nominal diameter alone does not provide
a consistent indication of the tensile response within the tested plain
reinforcing-steel range. 
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Figure 3. Tensile response of
plain reinforcing-steel specimens across nominal diameter


 


Tensile
Response of Deformed Reinforcing-Steel Specimens


 
The deformed reinforcing-steel specimens were tested at nominal diameters of
10, 13, 16, 19, and 22 mm. The results are presented in Table 4.


 


Table 4. Tensile response of
deformed reinforcing-steel specimens





 
  
   	
   Diameter (mm)

   
   	
   Yield Strength (MPa)

   
   	
   UTS (MPa)

   
   	
   Elongation (%)

   
   	
   CV UTS (%)

   
  

 
 
  	
  10

  
  	
  429.72

  
  	
  669.64

  
  	
  24.51

  
  	
  0.34

  
 

 
  	
  13

  
  	
  431.41

  
  	
  596.99

  
  	
  20.78

  
  	
  0.10

  
 

 
  	
  16

  
  	
  437.51

  
  	
  674.43

  
  	
  18.74

  
  	
  1.37

  
 

 
  	
  19

  
  	
  438.18

  
  	
  669.75

  
  	
  17.93

  
  	
  1.92

  
 

 
  	
  22

  
  	
  428.81

  
  	
  658.09

  
  	
  17.46

  
  	
  1.19

  
 







 


 
The deformed reinforcing-steel specimens produced yield strengths ranging from
428.81 to 438.18 MPa and UTS values ranging from 596.99 to 674.43 MPa. The
highest yield strength occurred at 19 mm, while the highest UTS occurred at 16
mm. In contrast, the highest elongation was obtained at 10 mm, with a value of
24.51%.


 
Elongation subsequently decreased across the larger tested diameters, reaching
17.46% at 22 mm. The UTS response was not monotonic because the value decreased
at 13 mm, increased to its maximum at 16 mm, and then decreased again at 19 and
22 mm. Therefore, the deformed reinforcing-steel group also demonstrated different
patterns among yield strength, UTS, and elongation. 
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Figure 4. Tensile response of
deformed reinforcing-steel specimens across nominal diameter


 


Summary
of Observed Tensile-Response Ranges


 
The observed ranges of yield strength, UTS, and elongation for the three
specimen groups are summarized in Table 5.


 


Table 5. Summary of
tensile-response ranges





 
  
   	
   Specimen group

   
   	
   Dimension range

   
   	
   Yield Strength (MPa)

   
   	
   UTS (MPa)

   
   	
   Elongation (%)

   
  

 
 
  	
  Plate

  
  	
  4–20
  mm

  
  	
  258.38–363.82

  
  	
  400.58–523.20

  
  	
  23.02–30.82

  
 

 
  	
  Plain
  reinforcing steel

  
  	
  Ø8–Ø12
  mm

  
  	
  327.81–359.61

  
  	
  517.52–538.43

  
  	
  19.98–23.14

  
 

 
  	
  Deformed
  reinforcing steel

  
  	
  Ø10–Ø22
  mm

  
  	
  428.81–438.18

  
  	
  596.99–674.43

  
  	
  17.46–24.51

  
 







 


 
The deformed reinforcing-steel group exhibited the highest observed UTS range,
followed by plain reinforcing steel and plate specimens. The plate group showed
the broadest range of yield strength and elongation. These differences are
descriptive because the three specimen groups differed not only in dimension
but also in cross-sectional form and surface condition. Therefore, the ranges
should not be interpreted as evidence that specimen diameter or thickness alone
caused the observed differences.


 


DISCUSSION


Non-Monotonic
Tensile Response across Specimen Dimensions


The
principal finding of this study is that the tensile properties did not exhibit
a uniform monotonic relationship with increasing specimen dimension. This
pattern was observed in the plate, plain reinforcing-steel, and deformed
reinforcing-steel groups, although the specific response differed among the
groups.


For
the plate specimens, UTS increased from 4 to 10 mm and reached its highest
observed value at 10 mm before decreasing at 16 and 20 mm. Yield strength
followed a different pattern, with its highest value at 16 mm. Elongation also
reached its highest value at 10 mm. The separation among the dimensions
producing the maximum values demonstrates that thickness alone does not provide
a sufficient basis for describing the complete tensile response.


The
same interpretation applies to the reinforcing-steel groups. In the plain
reinforcing-steel group, the highest yield strength occurred at 8 mm, whereas
the highest UTS occurred at 10 mm and the highest elongation occurred at 12 mm.
In the deformed reinforcing-steel group, the highest yield strength occurred at
19 mm, the highest UTS at 16 mm, and the highest elongation at 10 mm. 


These
observations support the use of multiple tensile parameters when evaluating
specimen response. Yield strength represents the material response associated
with the onset of plastic deformation, UTS represents the maximum engineering
stress reached during the tensile test, while elongation provides information
related to ductility. Consequently, interpreting tensile response from only one
of these parameters may provide an incomplete description of the measured
behavior.


 


Response
of Plate Specimens


The
plate results demonstrate that increasing thickness did not result in a
proportional increase in strength. The 20 mm plate, which was the thickest
specimen tested, did not produce the highest yield strength or UTS. Instead,
the maximum UTS occurred at 10 mm and the maximum yield strength occurred at 16
mm.


This
result should not be interpreted as evidence that increasing thickness
inherently reduces tensile strength beyond a particular thickness. Such a
conclusion would require a controlled experiment in which the material
condition, specimen geometry, manufacturing condition, and other relevant
factors were held constant while thickness was systematically varied. The present
study does not provide such an experimental design. Therefore, the appropriate
interpretation is that the tested plate dimensions exhibited different tensile
responses within the investigated dataset.


 


Response
of Plain Reinforcing Steel


The
plain reinforcing-steel specimens showed a relatively narrow UTS range compared
with the plate and deformed reinforcing-steel groups. The UTS increased from 8
to 10 mm and remained almost unchanged at 12 mm. The comparatively small
difference among the UTS values indicates that the tested plain
reinforcing-steel specimens displayed a relatively stable tensile-strength
response over the investigated diameter range.


However,
elongation exhibited a different pattern. The values at 8 and 10 mm were close
to 20%, whereas the 12 mm specimen reached 23.14%. This difference between the
strength and elongation responses reinforces the importance of considering
strength and ductility together when evaluating tensile behavior.


Response
of Deformed Reinforcing Steel


The
deformed reinforcing-steel group exhibited a relatively narrow yield-strength
range but a wider UTS range. Yield strength remained within a relatively close
range across the five tested diameters, whereas UTS varied more noticeably.


The
highest UTS occurred at 16 mm, while the highest elongation occurred at 10 mm.
The 22 mm specimen, despite having the largest nominal diameter in this group,
produced neither the highest UTS nor the highest elongation. This observation
further demonstrates that the largest tested dimension does not necessarily
correspond to the highest measured tensile property.


The
decrease in elongation from 10 to 22 mm is also noteworthy. It indicates that
the strength and ductility responses do not necessarily change in the same direction
across the tested specimen dimensions. Therefore, the tensile behavior should
be interpreted as a combination of strength and ductility rather than by
nominal diameter alone.


 


Strength–Ductility
Relationship


The
results demonstrate that the dimensional group producing the highest UTS was
not consistently the group producing the highest elongation. In the plate
group, the 10 mm specimen produced both the highest UTS and the highest
elongation. However, this coincidence was not observed consistently in the
reinforcing-steel groups.


For
deformed reinforcing steel, the highest UTS occurred at 16 mm, whereas the
highest elongation occurred at 10 mm. The plain reinforcing-steel group
similarly showed its highest yield strength at 8 mm, highest UTS at 10 mm, and
highest elongation at 12 mm.


This
distinction is important because tensile strength and ductility represent
different aspects of mechanical response. The present results therefore support
reporting yield strength, UTS, and elongation together when describing
tensile-test behavior.


 


Interpretation
of Cross-Group Differences


The
cross-group results show higher observed UTS values for deformed reinforcing
steel than for plain reinforcing steel and plate specimens. However, this
difference cannot be attributed to nominal diameter alone.


The
three specimen groups differed in cross-sectional form, surface condition, and
specimen geometry. They were also tested using corresponding gripping
configurations. Previous work on UTM gripping systems emphasizes that specimen
geometry and gripping configuration are interconnected considerations in
tensile testing (Akinribide et al., 2013; Dabhi et al., 2016). Therefore, the
cross-group differences in this study should be interpreted as observed
characteristics of the tested specimen groups rather than as a controlled
comparison of specimen dimension.


This
limitation is particularly important for avoiding overinterpretation. The
present dataset can demonstrate how the measured tensile response varied among
the tested dimensions, but it cannot establish that thickness or diameter
independently caused the observed changes.


 


Supporting
Repeatability


The
coefficient of variation of UTS was retained as supporting information rather
than as the principal outcome of this article. The CV values ranged from
0.71–3.81% for the plate specimens, 0.88–2.56% for the plain reinforcing-steel
specimens, and 0.10–1.92% for the deformed reinforcing-steel specimens.


These
values indicate relatively limited dispersion among repeated UTS measurements
under the reported testing conditions. However, repeatability addresses the
consistency of repeated measurements, whereas the main objective of this
article is to interpret tensile-response patterns across specimen dimensions.
The distinction is necessary because repeatability was the principal analytical
theme of the related functional evaluation, while the present article focuses
on tensile response.


 


Implications
and Analytical Boundaries


The
practical implication of the findings is that specimen dimension should always
be reported together with specimen type and geometry when tensile-test results
are interpreted or compared. A comparison based only on thickness or nominal
diameter may obscure differences associated with specimen form and surface
condition.


The
study also has a clear analytical boundary. Numerical specimen-slip
measurements were not available in the final dataset. Consequently, no
quantitative relationship between specimen slips and tensile properties can be
established from these results. The contribution of this article is therefore
limited to describing and interpreting the observed tensile-response patterns
within the tested specimen groups.


 


CONCLUSIONS AND
RECOMMENDATIONS


The
tensile response of the investigated low-carbon steel specimens varied across
the tested thickness and diameter ranges, but no uniform monotonic relationship
between specimen dimension and tensile properties was observed.


For
the plate specimens, UTS ranged from 400.58 to 523.20 MPa and elongation ranged
from 23.02 to 30.82%. For plain reinforcing steel, UTS ranged from 517.52 to
538.43 MPa and elongation ranged from 19.98 to 23.14%. For deformed reinforcing
steel, UTS ranged from 596.99 to 674.43 MPa and elongation ranged from 17.46 to
24.51%.


Yield
strength, UTS, and elongation did not consistently reach their maximum values
at the same specimen dimension. The results therefore indicate that tensile
response should be interpreted using combined strength and ductility parameters
rather than specimen thickness or diameter alone.


Because
specimen form, surface condition, and gripping arrangement differed among the
groups, the observed differences should not be interpreted as a causal effect
of specimen size. For practical tensile testing, specimen geometry and specimen
type should be reported together with the measured mechanical properties. A
controlled dimensional-effect experiment is recommended for determining the
independent influence of thickness or diameter.  


 


 


FURTHER STUDY


            Future
research should use a controlled experimental design in which specimen
thickness or diameter is varied independently while maintaining the same
material condition, specimen geometry, surface condition, gauge-length
convention, and gripping arrangement.


A larger
number of repetitions should be considered to support inferential statistical
analysis. Direct measurement of specimen displacement or slip in the gripping
region should also be incorporated so that the relationship among gripping
condition, displacement, and tensile-property measurement can be evaluated
quantitatively.


Future
studies should also retain the individual results from every repeated test
rather than relying only on summarized values. This would allow more detailed
statistical modelling and evaluation of variability across specimen dimensions.
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