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ABSTRACT 
This study presents intensive numerical analyses of the ring elongation testing technique 

(RETT) used to characterize the 7175-T7351 aluminum alloy and St 37 carbon steel rings 

materials. Theoretical solutions were developed to predict the elastic properties of the 

materials of the ring using both curved and straight beam formulas. Besides, to predict the 

full deformation behaviors of the ring's materials, elastic, and elastic-plastic finite element 

analyses (FEA) were performed on the 2D and 3D ring models. Moreover, FEA were 

conducted to study the effects of ring dimensions, pin diameter, and ring shape on the 

RETT results. Modeling the ring specimens with plane stress elements and 3D-stress 

elements was done with the FEA commercial package (ABAQUS). Theoretical and the 

FEA results were then compared to the experimental results. The theoretically obtained 

elastic results accurately predicted the elastic properties of the ring materials. Furthermore, 

the FEA results successfully predicted the full deformation behaviors of the ring materials. 

Keywords:  Ring elongation test; non-conventional testing; finite element method; hoop 

stress; curved beams 

 

1. INTRODUCTION 

Mineral tubes and pipes are employed in a variety of 

engineering areas, including automotive, chemicals, 

nuclear, and petroleum industries. As a result, the 

manufacturing processes and applications of those tubes 

necessitate a thorough understanding of the mechanical 

properties of their materials. This would aid in the 

development of proper designs and the safe operation of 

systems. Because of the anisotropy of tubular materials, 

their mechanical properties can differ significantly along 

the axial and transverse (hoop) directions and should 

thus be measured separately. Furthermore, since 

pressurized tubes and pipes are primarily subjected to 

internal pressure, longitudinal cracks are the most 

common failure mode. For these reasons, the mechanical 

behavior of tubular materials in the transverse direction 

should be obtained [1]. 

The hoop properties of the tubular materials can be 

measured using a conventional tensile test (standard 

tensile test) (e.g. [2]). The ASTM E8/E8M material 

testing standard specifies procedures for determining the 

hoop properties of tubular materials. The reduced section 

specimen is cut from the tube in the hoop direction 

flattened and then tested [3]. The conventional tensile 

test is the simplest method of evaluating hoop properties; 

however, due to flattening introduces a pre-strain on the 

specimen, this method is only suitable for qualitative 

studies of hoop response [4]. Moreover, the conventional 

tensile test necessitates the use of specimens with large 

dimensions. This could be an issue with some materials, 

such as irradiated material, where only a limited amount 

of material is available for such tests [5]. 

Besides conventional tensile tests, non-conventional 

testing techniques can be employed to measure the hoop 

properties of the tubular materials such as ring flattening 

test (e.g. [6–8]), cone-wedge-ring expansion (e.g. [9, 

10]), tube-end flaring (e.g. [11, 12]) and tube-inflation 
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under internal pressure and axial load (e.g. [13–15]). 

Nevertheless, each of these testing techniques has its 

own set of limitations. 

In addition to the previously mentioned non-

conventional testing techniques, there is the ring hoop 

tension test (RHTT) (e.g. [16–18]). RHTT is typically 

performed with a ring specimen cut from a pipe or tube 

and placed over two mandrels that are moved apart by 

applying axially concentrated load with a universal 

testing machine. As a result, the ring specimen is 

elongated in the transverse direction. The specimen can 

be a full ring (ring without reduced section) (e.g. [19]) or 

a ring with one or two reduced sections (dog bone-

shaped ring) (e.g. [20]). The advantages of using RHTT 

are its simplicity and feasibility since it is similar to the 

standard simple tensile test and RHTT requires a 

minimal amount of material for specimen preparation. 

Furthermore, the testing apparatus is relatively 

inexpensive. As a result of these advantages, the RHTT 

is one of the most important and appealing techniques 

for assessing the hoop properties of pressure tubes and 

pipes accurately and consistently [1]. 

Based on the shape of the loading tool, RHTT can be 

categorized into two techniques: split-disc testing 

technique (SDTT) and ring elongation testing technique 

(RETT). In SDTT, the ring specimen is placed over two 

D-shaped blocks, whereas in RETT, the ring specimen is 

elongated using two cylindrical or semi-cylindrical small 

pins. The ASTM D2290-19a material testing standard 

specifies the split-disc testing technique for determining 

the tangential yield and tensile strength of thermoplastic 

pipes [21]. The main challenge of using the SDTT is the 

effect of high friction generated during the test between 

the two D-shaped blocks and the ring specimens‘ inner 

surfaces. This friction influences the test results by 

shifting the global response load versus displacement 

upward. As a result, obtaining an accurate stress-strain 

curve of the tubular materials may be difficult [1]. 

Therefore, several researchers (e.g. [17, 22, 23]) have 

investigated the effect of friction during SDTT, whereas 

others (e.g. [1, 18]) have attempted to overcome that 

friction. 

The ISO 8496 material testing standard specifies 

RETT to reveal surface and internal defects of tubes, as 

well as to assess the ductility of tubular materials. 

According to ISO 8496, ring specimen dimensions were 

restricted to a minimum outside diameter of 150 mm and 

a minimum thickness of 40 mm [24]. Nonetheless, as 

previously mentioned, in many cases, only a limited 

amount of material is available for testing. Therefore, 

several researchers (e.g. [19]) used the same ISO 8496 

testing procedures on ring specimens with small 

dimensions. Friction is not an issue in RETT since the 

contact surfaces of the ring specimens‘ inner surfaces 

and the two pins are significantly small; thus, the friction 

generated during the RETT is minimal and can be 

negligible Furthermore, the clear advantages of using 

RETT are that the great quantifiable deformation 

outcomes in a slight strain and that its loading tool can 

be used with any ring specimen dimensions. However, 

obtaining an accurate stress-strain curve of the tubular 

materials using RETT may be difficult because the 

bending moment developed in the two middle sections of 

the ring specimen at the start of the test also shifts the 

global response load versus displacement upward [25]. 

Few researchers have previously addressed this issue 

and attempted to measure the hoop properties of tubular 

materials experimentally. Arsene and Bai proposed 

reducing bending by elongating a ring specimen with 

two reduced sections in the hoop direction using a three-

part loading tool. The third part is an intermediate piece 

called dog bone that is inserted between the top and 

bottom mandrels to prevent the ring specimen‘ narrowed 

section from flattening. However, the frictional forces 

were significantly increased because the contact surface 

between the specimen and the dog bone was increased. 

The authors compared finite element analyses (FEA) to 

their experiments to study the friction effect between the 

mandrels and the ring specimen‘s inner surfaces on the 

stress-strain curves of the Al-Si alloy and Zircaloy 

material. They found that hoop stress response was 

influenced by friction and mandrels geometry [25, 26]. 

Walsh and Adams presented a quadrant ring test 

technique (QRTT) for overcoming bending in-ring 

specimens cut from carbon fiber composite pipe by 

elongating full rings with a loading tool divided into four 

internal quadrant mandrels. Using FEA, they revealed 

that the QRTT produced a more uniform stress 

distribution in the specimen than the SDTT. Nonetheless, 

due to the small rotation of the fixture quadrants during 

loading, the tensile strengths obtained using the QRTT 

were significantly lower than those obtained from 

conventional tensile testing of flat specimens. Therefore, 

this fixture arrangement is difficult to work properly. As 

a result, this fixture arrangement is difficult to work 

properly [27]. Martín-Rengel et al [28], designed 

mandrels that consisted of four pieces to overcome 

bending developed in the notched ring specimen during 

RHTT of irradiated cladding materials. They used FEA 

to simulate the RHTT using 3D models with a friction 

coefficient was assumed to be equal to 0.125 with no 

justification for their selection, even though, they stated 

that the RHTT is quite susceptible to this parameter. 

By combining experiments and FEA, Kazakeviciute et 

al [29] used RETT to assess the hoop stress-strain 

relationship of small ring specimens cut from a 7175-

T7351 aluminum pipe. However, they assumed that the 

ring specimen is a thin beam with constant stress 

throughout the ring thickness, and these assumptions are 

only valid for elastic deformation. Finally, Saber and Ali 

utilized RETT to obtain the mechanical behavior of St 37 

carbon steel pipe experimentally. They successfully 

obtained the yielding load, yield strength, and young‘s 

modulus of the pipe material. However, the yield 

strength was obtained with a large error of about 10.3 

percent when compared to the conventional axial tensile 
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test. Furthermore, they used the trial-and-error method to 

determine the young‘s modulus of the pipe material [30]. 

The current study proposes numerical studies of the 

RETT to predict the elastic and full deformation 

behavior of tubular materials. The elastic theoretical 

solution represented by the curved and straight beam 

formulas is used to predict the elastic properties of 

tubular materials. The rings are modeled in 2D and 3D 

using the FEA commercial package (ABAQUS) to 

assess the full deformation behaviors of the tubular 

materials. Furthermore, to investigate the effects of ring 

dimensions, pin diameter, and ring shape on RETT 

results. Following that, the theoretical and FEA results 

compare to the experimental results. The current study 

has the main advantage of being able to provide accurate 

and direct numerical techniques for determining the 

mechanical properties of tubular materials. 

2. ANALYTICAL MODELING 

2.1. Elastic displacements 

The elastic displacement developed in the ring by 

applying load during the ring elongation testing 

technique (RETT) can be calculated using both curved 

and straight beam formulas [30]. In general, both 

formulas can be determined using the energy method in 

conjunction with Castigliano's theorem. Figure 1 (a) 

shows a ring model with the dimensions and a central 

load P. Because of the symmetry of the geometry and the 

loading of the ring, the displacement of each quadrant of 

the ring is identical. As a result, only one quadrant of the 

ring is considered, as shown in Figure 1 (b). The ring's 

elastic displacements are given by the relationships [31], 

       
     
  

 (1) 

Where    and     are the elastic displacements of one 

quadrant of the ring (mm) using the curved and straight 

beam formulas, respectively,   is the applied load (N), 

and    and    are the total strain energy for the ring 

(N.mm) using the curved and straight beam formulas, 

respectively, and are defined as: 

                   (2) 

         (3) 

Where   ,   ,    ,     and     are the strain 

energy components (N.mm) resulting from the Shear 

force, the normal force, the bending moment for the 

curved beam formula, the coupling of the bending 

moment and the normal force, and the bending moment 

for the straight beam formula respectively. Since the 

bending moment and normal force have the same sign in 

the ring model,     is neglected due to its negative sign. 

The strain energy components can be computed as 

follows:   

    ∫
    

   
    (4) 

    ∫
   

   
    (5) 

Where V is the internal shear force (N) and it is given 

by (  
 

 
    ) as shown in Figure 1 (b). θ is the angle 

from applied load P (degree).   is the distance from the 

center of curvature of the ring to the ring cross-section  

 
 

(a) (b) 

Figure 1: The ring model's free-body diagram: (a) the full ring model with loading and dimensions and (b) the 

model of one-quadrant of the ring with the internal loading

centroid (mm) as shown in Figure 1 (a).   is the shear 

coefficient which equals 1.2 for rectangular cross-

sections. A is the cross-sectional area of the ring (   ). 
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the normal traction force (N) and equals to (
 

 
    ) as 

shown in Figure 1 (b). E is the young‘s modulus of the 

ring‘s material (MPa). 
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   (     )
    (6) 

     ∫
   

   
    (7) 

Where    is the parameter has the dimension of 

length (mm) and equals (   
  

  
) for rectangular cross-

section, where   is the width of the ring (mm),    and    

are the inner and outer radius of the ring (mm) 

respectively as shown in Figure 1 (a).   is the area 

moment of inertia (   ) which equals to (
   

  
) for 

rectangular cross-section.   denotes the moment at angle 

  (N.mm) and it is defined as (        

  

 
(      )) as shown in Figure 1 (b), where     and 

    are the internal moments at an angle (    ) 
(N.mm) for curved and straight beam formulas, 

respectively. By substituting the above parameters in 

strain energy components, those components can be 

expressed as follows: 
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Equations (8), (9), (10), and (11) are then integrated, 

yielding: 
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Since the ring's symmetry requires that no rotation 

occur at the applied load point, then, 

 
    
    

    

 
    
    

    

Then, by differentiating Equations (14) and (15), 
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Table 1: Chemical composition (wt.%) of 7175-T7351 aluminum alloy [32] and St 37 low carbon steel [33] 

 
Chemical composition of 7175-T7351 aluminum alloy [32] 

Element Cu Mg Si Fe Cr Zn Mn Al 

Wt.% 1.2-2 2.1-2.9 0.15 0.2 0.18-0.28 5.1-6.1 0.1 Balance 

Chemical composition of St 37 low carbon steel [33] 

Element C Si P S Mn Ni Cr Mo Fe 

Wt.% 0.15 0.073 < 0.008 0.009 0.491 < 0.03 < 0.01 < 0.008 Balance 

 

To obtain the total strain energy for the ring using the 

curved and straight beam formulas Eqs (12), (13), and 

(14) are subbed back into Eq. (2), and Eq. (15) is subbed 

back into Eq. (3) as follows: 
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The elastic displacements of one quadrant of the ring 

can be calculated using Eq. (1) by differentiating the 

total strain energy      concerning the applied load   as: 

 

  

 
    

    
 
   

    
 

 
  

   (     )
(   (

  

 
  )

    (
 

 
  )) 

(20) 

 

   
 

   
(   (

  

 
  )

    (
 

 
  )) 

(21) 

As previously stated, the elastic displacement of each 

quadrant of the ring is identical. As a result of using the 

curved and straight beam formulas, the ring‘s total 

elastic displacements (  
 ,   

 ) using the curved and 

straight beam formulas, respectively are given by: 
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2.2. Elastic stress  

The elastic stress developed in the ring during the 

RETT can be considered according to polar coordinates 

(   ), owing to the ring curvature nature. The radial 

stress    , and shear stress     are sufficiently small. 

Therefore, the stress state is essentially one-dimensional 

in the hoop direction. As in the elastic displacement 

determination, the elastic circumferential stress     

developed in the ring can be determined using both 

curved and straight beam formulas by the relations [31], 

       
 

 
 
 (     )

  (     )
 (24) 

        
  

 
 (25) 

Where y is the distance from the neutral axis of 

bending of the cross-section (centroid of the cross-

section) to the point in the cross-section at which      

acts (mm).      and      are the elastic hoop stresses 

(MPa) using the curved and straight beam formulas, 

respectively. 
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(a)  

 
(b) 

Figure 2: True stress-strain curve: (a) 7175-T7351 

aluminum alloy, reproduced from [29], and (b) St 37 

low carbon steel, reproduced from [30]  

3. MATERIALS 

The materials used in this study for the ring's models 

were 7175-T7351 aluminum alloy  (7175-T7351) and, St 

37 low carbon steel (St 37) with the chemical 

composition and mechanical properties shown in  

 

 

Table 1 [32, 33] and Figure 4: Mesh in a quarter St 37 

ring model: (a) 2D FEA model, and (b) 3D FEA model 

Table 2 [29, 30], respectively. The 7175-T7351 is a 

heat-treated wrought alloy used in aircraft gearbox 

housing applications and was assumed to be isotropic 

material [29]. Because of its good heat conductivity and 

corrosion resistance, St 37 is widely used in industry, 

including gas pipelines, alloy wheels, and stationary 

engineering components [34]. The true stress-strain 

curves at room temperature for 7175-T7351 and St 37 

are shown in Figure 2 (a) [29] and Figure 2 (b) [30], 

respectively. 

 
(a) 

 
(b) 

Figure 3: a quarter St 37 ring model with appropriate 

load and boundary conditions: (a) 2D FEA model, 

and (b) 3D FEA model 

4. FINITE ELEMENT MODELLING 

Since ring models have symmetry in their geometry 

and loading, 2D and 3D finite element analyses (FEA) 

were performed on a quarter ring model with appropriate 

boundary conditions applied to each plane of symmetry, 

as shown in Figure 3 (a) and Figure 3 (b). The boundary 

conditions are the same for the St 37 and 7175-T7351 

ring models. Table 3 shows the dimensions of the rings 

and loading pins. To account for the large deformations, 

ABAQUS/Standard was used to model the rings with 

geometric non-linearity active during the loading step. 

Since the stiffness of the pin material is significantly 

greater than that of the ring material, a discrete rigid 

body was used to model the loading pin. The loading 

pin‘s center was specified as a reference point which was 

loaded with an upward vertical displacement of 15 mm 

and 2 mm for the St 37 and 7175-T7351 ring models, 

respectively. The data from the uniaxial tensile test (true 

stress-strain data) for St 37 and 7175-T7351 were used to 

conduct elastic and elastic-plastic FEA. 

0

100

200

300

400

500

600

0.00 0.02 0.04 0.06 0.08

S
tr

es
s 

(M
P

a
) 

Strain (mm/mm) 

0

100

200

300

400

500

600

700

0.00 0.05 0.10 0.15 0.20 0.25

S
tr

es
s 

(M
P

a
) 

Strain (mm/mm) 



152 

 

 
(a) 

 
(b) 

Figure 4: Mesh in a quarter St 37 ring model: (a) 2D FEA model, and (b) 3D FEA model 

Table 2: Mechanical properties of 7175-T7351 aluminum alloy [29] and St 37 low carbon steel [30] 

Material  Young’s modulus (MPa) Yield strength (MPa) Poisson’s ratio 

7175-T7351          450 0.3 

St 37         380 0.3 

Table 3: Dimensions of 7175-T7351 aluminum alloy and St 37 low carbon steel ring models 

Ring model Outer radius (mm) Inner radius (mm) Width (mm) Pin diameter (mm) 

7175-T7351 5.5 4.5 2 2.5 

St 37 30.15 26.25 4 10 

4.1. Mesh sensitivity 

Plane stress elements (CPS4R), and 3D stress elements 

(C3D8R) were used to mesh the ring models, as shown 

in Figure 4 (a) and Figure 4 (b). A mesh sensitivity study 

was carried out on the ring models to determine an 

adequate number of elements across the ring thickness 

(elements size). For each model with a specific wall 

thickness, several FEA were carried out using different 

element sizes. The reaction forces were then normalized 

and plotted against the number of elements across the 

ring thickness as shown in Figure 5. It was found that the 

reaction forces are insensitive to the mesh size when the 

number of elements across the ring thickness is equal to 

or greater than five elements. Furthermore, it was found 

that the element size of the loading pin does not affect 

the model outputs. 

 

Figure 5: Number of elements across the ring 

thickness against the reaction force on the loading pin 

4.2. Contact 

ABAQUS general contact was used to define the 

contact between the pin and the inner surfaces of the 

ring. The effect of friction generated between the pin and 

the ring during the ring elongation testing technique 

(RETT) on the 7175-T7351 ring model was investigated 

using different coefficients of friction (µ) of 0, 0.15, 0.3, 

and 0.5. Figure 6 shows the hoop stress (MPa) at 

different coefficients of friction for the 7175-T7351 ring 

model. It can be found that the coefficient of friction had 

almost no effect on stress, strain, or reaction force on the 

pin for large deformations. As a result, the model was 

therefore initialized with a frictionless contact. 

5. RESULTS AND DISCUSSION 

5.1. Elastic and elastic-plastic 

behaviors 

The experimental results of testing ring specimens, 

given in [29] and [30] were used to validate the 

theoretical and FEA results of the 7175-T7351 and St 37 

ring models. The elastic behaviors of the ring models 

were predicted using the curved and straight beam 

displacement formulas given in Eqs. (22) and (23), 

respectively. The obtained results were then compared to 

the experimental results as shown in Figure 7 (a) and 

Figure 7 (b). Besides, 2D and 3D FEA were used to 

predict the elastic-plastic behaviors (Full deformation 

behaviors) of the ring models by extracting the load-

displacement responses from the reference point of the 
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loading pin in the y-direction. Figure 8 (a) and Figure (b) 

compare the FEA results to experimental results. It can 

be found that the elastic behaviors predicted by the 

curved and straight beam displacement formulas agree 

very well with the experimental elastic results for both 

models. Moreover, 

Table 4: Summary of the numerical values of the parameters used to calculate the yield strength 

Ring material Yielding Load (N) N (N) A (mm2) M (N.mm) r (mm) Am (mm) R (mm) 

7175-T7351 155 0 2 140.339 4.5 0.401 5 

St 37 760 0 15.6 3887.766 26.25 0.554 28.2 

 

  
(a) (b) 

Figure 6: Hoop stress (MPa) of the 7175-T7351 ring model: (a) µ=0 and (b) µ=0.5

 
(a) 

 
(b) 

Figure 7: Curved and straight beam displacement 

formulas in comparison with the experimental 

results: (a) 7175-T7351 ring reproduced from [29] 

and (b) St 37 ring reproduced from [30] 

the elastic-plastic behaviors predicted by 2D and 3D 

FEA for both models closely match the experimental 

elastic-plastic results. 

As stated in [30], the yielding load can be obtained 

directly from the experimental ring elongation testing 

technique (RETT) results, and it equals 760 N for the St 

37 ring. Using the same approach, the yielding load of 

the 7175-T7351 ring was obtained to be 155 N, as shown 

in Figure 9. The yield strength of the 7175-T7351 and St 

37 ring materials was determined directly from the 

experimental RETT results using the curved and straight 

beam stress formulas provided in Eqs. (24) and (25) 

respectively. Table 4 shows the numerical values of the 

parameters used to calculate the yield strength of both 

ring materials. The straight beam displacement formula 

given in Eq. (23) was also used to determine the young's 

modulus of the 7175-T7351and St 37 ring materials. 

The young's modulus was also calculated directly from 

the experimental RETT results at the point where the 

load equals 103.346 (N) and the displacement equals 

0.1675 (mm) for the 7175-T7351 ring and the load 

equals 156.96 (N) and the displacement equals 0.1295 

(mm) for the St 37 ring. Table 5 shows the yield strength 

and young's modulus result obtained for the 7175-T7351 

and St 37 ring materials. When compared to the true 

axial tensile data for the materials, the curved beam 

stress formula produced an accurate yield strength with 

an error percentage of 0.21 percent for the 7175-T7351 

ring that has a mean radius-to-thickness ratio (R/H) 

equals 5 as shown in Figure 10. In contrast, the straight 

beam stress formula produced an accurate yield strength 

with an error percentage of 1.0417 percent for a St 37 

0

0.05

0.1

0.15

0.2

0.25

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

L
o
a
d

 (
K

N
) 

Displacement (mm) 

Experimental [29]

Curved Beam Formula

Straight Beam Formula

0

0.2

0.4

0.6

0.8

1

0 1 2 3 4 5

L
o
a
d

 (
K

N
) 

Displacement (mm) 

Experimental [30]

Curved Beam Formula

Straight Beam Formula



154 

 

ring with an (R/H) ratio of 7.23 as shown in Figure 10. 

The young's modulus was successfully obtained using 

the straight beam displacement formula with an error 

percentage of 5.1 percent for the 7175-T7351 ring 

material and 2.62 for the St 37 ring material when 

compared to the true axial tensile data for the materials 

as shown in Figure 11. 

5.2. The influence of ring dimensions, 

pin diameter, and ring shape 

5.2.1. Ring dimensions 

Table 5: The yield strength and young’s modulus of the 7175-T7351 and St 37 ring materials  

Ring material 
Yield strength (MPa) Yield strength (MPa) 

Young’s modulus (MPa) 
Curved beam formula Straight beam formula 

7175-T7351 450.95 422.4          
St 37 401.9 384           

 

  
(a) (b) 

Figure 8: Elastic-plastic load-displacement responses: (a) 7175-T7351 aluminum alloy  ring model and (b) St 37 

low carbon steel ring model

FEA were performed on a St 37 ring using 3D ring 

models to study the effects of the ring‘s width and 

thickness on the load-displacement response. Rings with 

(i) constant thickness and different width values and (ii) 

constant width and different thickness values were 

tested. Figure 12 compares the behavior of those rings 

when modeled using 3D stress elements. It can be seen 

that for the rings that have the same cross-section area a 

larger thickness shows a higher loading capacity in the 

elastic zone. Alternatively, a ring with a larger width 

shows a larger plastic deformation zone. Rings with the 

same cross-section area and a width-to-thickness ratio 

(B/H) between 0.975 and 1.0256 exhibit no difference in 

load-displacement response. As a result, the correct ring 

width and thickness must be chosen following that ratio. 

 

Figure 9: Yielding load of 7175-T7351 aluminum 

alloy ring material 

 

Figure 10: Yield strength values for the 7175-T7351 

aluminum alloy ring with (R/H=5) and St 37 low 

carbon steel ring with (R/H=7.23) ring model 

obtained theoretically in comparison with that 

obtained from the axial tensile test 

5.2.2. Pin diameter 

To investigate the effects of the loading pin diameter 

on the RETT results, 3D elastic-plastic FEA were 

performed on a quarter of the St 37 ring model. The 

loading pin diameters (Dp) used were 5, 10, 15, 20, and 

25 mm. All ring models have the same load and 

boundary conditions. Figure 13 shows the load-

displacement responses extracted from the loading pin's 

reference point in the y-direction for each loading pin 

diameter. The load-displacement response does not 

change as the loading pin diameter increases up to a 
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displacement of 10 mm. However, once the displacement 

exceeded 10 mm, the load-displacement response shifted 

to the left and the displacement decreased significantly. 

Nonetheless, the maximum load difference was minor. 

As the ring model deforms, it experiences a great deal of 

bending moments. Models with smaller pin diameters 

experience more bending than those with larger pin 

diameters. When small pins are used, the applied load is 

consumed more to elongate the ring before setting it in a 

tensile mode. However, using large pins is accompanied 

by less bending, less elongation, and more tension. 

However, the friction between the ring and the pin 

surfaces increases due to the increase in the contact area 

between the pin and the ring. 

 

Figure 11: Young’s modulus values obtained 

theoretically for the 7175-T7351 aluminum alloy ring 

with (R/H=5) and St 37 low carbon steel ring with 

(R/H=7.23) ring model in comparison with that 

obtained from the axial tensile test 

 

Figure 12: Load displacement for 3D models of rings 

with (i) constant thickness and varying widths and (ii) 

constant width and varying thicknesses 

Figure 14 shows the equivalent plastic strain in the 

ring models against the loading pin with different 

diameters. Because of the concentrated stresses at the 

loading pin, all of the ring models failed in nearby the 

loading pin. Furthermore, the high plastic strain zone 

near the pin caused the ring models to fail prematurely. 

Furthermore, the high plastic strain zone close to the pin 

caused the ring models to fail prematurely. The failure 

zone moves away from the point of impact of the load on 

the ring with  

increasing the loading pin diameter owing to the increase 

in the contact area. The equivalent plastic strain in a 

material (PEEQ) is a scalar variable that represents the 

inelastic deformation of a material. If this variable 

exceeds zero, the material is yielding [35]. 

5.2.3. Ring shape 

FEA was conducted on the two different shapes of St 37 

ring models to overcome the failure of the rings in the 

vicinity of the loading pin. As shown in Figure 15, the 

first ring was notched, and the second was a dog bone-

shaped ring. The notched and the dog bone-shaped St 37 

ring models were subjected to the same FEA procedures 

as the St 37 full ring model, with no modifications. 

Figure 16 compares the load-displacement responses of 

the notched and dog bone-shaped St 37 ring models to 

the St 37 full ring model. The behaviors of the notched 

and the dog bone-shaped ring models were found to be in 

perfect agreement with the behavior of the full ring 

model. Furthermore, as shown in Figure 17, the rings 

failed exactly in the center of the rings. As a result, rings 

can be used in the ring elongation technique to overcome 

ring specimen failure near the loading pin. Moreover, the 

dog bone-shaped ring can be used in the RETT to obtain 

stress-strain data by acquiring gauge length and cross-

section area for the ring specimen. 

 

Figure 13: Load-displacement of the ring models with 

different loading pins diameters 
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(a) (b) (c) 

Figure 14: The equivalent plastic strain in the ring models against the loading pins with different diameters: (a) 

Dp = 10 mm, (b) Dp = 15 mm, and (c) Dp = 25 mm 

  

(a) (b) 

Figure 15: Dimensions of two different shapes of rings (a) notched ring and (b) dog bone-shaped ring  

 

Figure 16: Load-displacement for St 37 notched ring 

model, St 37 dog bone-shaped ring model, and St 37 

full ring model 
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(b) 

Figure 17: Equivalent plastic strain in the St 37 ring 

models: (a) notched ring model and (b) dog bone-

shaped ring model 

6. CONCLUSIONS 

Theoretical and FEA were carried out to study the 
ring elongation testing technique as the materials 
characterization testing technique. Theoretical and the 
FEA results were then compared to the experimental 
results. Furthermore, FEA were carried out to study the 
influence of ring dimensions, pin diameter, and ring 
shape on the RETT results, and the following are some 
conclusions: 

 The curved and straight beam displacement 

formulas successfully predicted the elastic 

behaviors of rings with (R/H) equals 5 and 7.23. 

 The elastic-plastic behaviors of the rings were 

correctly predicted by FEA. 

 For the 7175-T7351 ring with (R/H) ratio of 5, the 

yield strength was successfully obtained directly 

from the RETT experimental results using the 

curved beam stress formula with an accuracy of 

99.79 percent when compared to the true axial 

tensile data for the material as shown in Figure 10. 

Therefore, to accurately calculate materials‘ yield 

strength using RETT, the curved beam stress 

formula should be utilized for rings with an (R/H) 

ratio of 5. 

 The yield strength for the St 37 ring with (R/H) 

ratio of 7.23 was also successfully obtained 

directly from the RETT experimental results using 

the straight beam stress formula with an accuracy 

of 98.958 percent when compared to the true axial 

tensile data for the material as shown in Figure 10. 

As a result, the straight beam stress formula must 

be used with rings that have an (R/H) ratio of 7.23 

to determine the accurate yield strength of the 

materials using RETT. 

 When compared to the true axial tensile data for 

the materials, the young's modulus was 

successfully obtained directly from the RETT 

experimental results using the straight beam 

displacement formula with an accuracy of 94.9 

and 97.38 percent for the 7175-T7351 and St 37 

ring materials, respectively as shown in Figure 11. 

Therefore, the straight beam displacement formula 

can be used with rings with (R/H) ratios ranging 

from 5 to 7.23 to accurately determine the young's 

modulus of materials using RETT. 

 FEA must be performed to obtain the correct 

ring‘s width and thickness for testing using the 

ring elongation testing technique. 

 Pins with small diameters may be selected to 

minimize the friction between the pins and the 

inner ring surfaces and to overcome ring 

prematurely fail. 

 Notched ring specimen and dog bone-shaped ring 

specimen can be used in the ring elongation 

testing technique to overcome the failure of the 

ring specimen in nearby the loading pin; besides, 

the notched ring specimen can be used to attain 

stress-strain data by acquiring gauge length and 

cross-section area for the ring specimen. 
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