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Abstract: Results of the tensile test of the metal cylindrical specimen obtained by the computer simulation are 

presented in the article. Intensity of stress and strain of material over the entire time of stretching the specimen is 

calculated. The dependencies of strain and stress from variable load and elongation of the specimen, taking into 

account changing the temperature of material in the zone of predicted destruction, are obtained. 
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Introduction 

Determination of the number of the mechanical 

properties of metals is performed by the standard 

laboratory tests for tensile or compression of the 

specimens on the special machines [1-10]. The flat or 

cylindrical metal specimens are subjected to variable 

load until material is partially destroyed. Essence of 

the method is in determining elongation of the 

specimen under load and building the diagram of 

conditional stresses from the strain degree of material. 

The mechanical properties of metals and alloys 

are obtained on the basis of the large number of the 

performed tests for tensile or compression of the 

specimens. The neck on the specimen, formed during 

plastic deformation, allows determining the 

destruction place of material. The laboratory tests of 

the specimens allow determining stress-strain state of 

materials in the general form. Volumetric deformed 

state of the specimen material can be represented by 

the computer simulation of the stretching process in 

the three-dimensional statement. This will allow 

obtaining the dependencies for calculating strain and 

stress, taking into account changing the temperature 

of the specimen material. 

 

Materials and methods 

The simulation of the stretching process of the 

cylindrical specimen on the testing machine was 

performed in the Ansys software environment. The 

three-dimensional solid model of the steel specimen 

with the following dimensions was built for 

implementation of the experiment: the overall length 

of the specimen – 62 mm, the initial diameter of the 

specimen – 6 mm, the distance between shoulders of 

the specimen – 42 mm, the diameter of the grip section 

– 12 mm, the length of the grip section – 10 mm, the 

radius of fillet – 1.5 mm. The specimen material had 

the following properties: density – 7850 kg/m3, the 

coefficient of thermal expansion – 1.2×10-5, specific 

heat – 434 J/(kg×K), thermal conductivity – 60.5 

W/(m×K), resistivity – 1.7×10-7 Ohm×m, 

compressive yield strength – 250 MPa, tensile yield 

strength – 250 MPa, tensile ultimate strength – 460 

MPa, the reference temperature – 22 °C, alternating 

stress in the range of 10…1×106 cycles – 3999…86.2 

MPa, the strength coefficient – 920 MPa, the strength 

exponent – -0.106, the ductility coefficient – 0.213, 

the ductility exponent – -0.47, the cyclic strength 

coefficient – 1000 MPa, the cyclic strain hardening 

exponent – 0.2, the Young's modulus – 2×105 MPa, 

the Poisson's ratio – 0.3, the bulk modulus – 

1.6667×105 MPa, the shear modulus – 76923 MPa, 

relative permeability – 10000. 

The initial conditions for modeling the stretching 

process of the metal specimen are presented in the Fig. 

1. 

 

A 
 

B 
 

Figure 1 – The initial conditions for modeling: A – dividing the specimen model into the finite elements;  

B – setting the specimen fixation (A) and direction of load application on the specimen (B). 

 

The solid model of the cylindrical specimen was 

divided into 16107 finite elements, which allowed to 

obtain the detailed display of stress-strain state of 

material. The specimen model was positioned 

vertically. The lower part of the specimen was rigidly 

fixed in the device of the testing machine (not shown). 

Variable load along the axial line acted on the upper 

part of the specimen. Changing load from the 

stretching time of the cylindrical specimen is 

presented in the table 1. 

 

Table 1. Changing load from the stretching time. 

 

Time, s 0 5×10-5 1×10-4 1.5×10-4 2×10-4 2.5×10-4 3×10-4 3.5×10-4 4×10-4 

Force, N 70000 1.4×105 2.1×105 2.8×105 3.5×105 4.2×105 4.9×105 5.6×105 6.3×105 

Time, s 4.5×10-4 5×10-4 5.5×10-4       

Force, N 7×105 7.7×105 8.4×105       
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The maximum energy error of 0.1 was taken into 

account in the calculation. The shell shear correction 

factor was accepted 0.8333. The solver target is the 

AUTODYN. 

 

Results and discussion 

The specimen model was subjected to elongation 

under the action of variable increasing load. The 

degree of strain and stress of material was determined 

based on the calculated contours applied to the 

specimen model after stretching. Stress-strain state of 

the specimen model after stretching is presented in the 

Fig. 2. 

Maximum deformation occurred in the volume 

of the grip section of the specimen. The specimen 

lengthened by 12.6% of the overall length. The 

contours of maximum shear elastic strain of the red 

indicate the place of probable partial destruction of the 

specimen material. Destruction occurred below the 

radius of fillet. The initial diameter of the specimen is 

subjected to equivalent stress along the entire length 

at the moment of destruction. The radii reduce stress 

of the specimen material by 1.5 times. Destruction of 

the specimen was accompanied by increasing the 

material temperature in the deformation zone by 

almost 10 times. 

 

      

A B C D E F 

Figure 2 – Stress-strain state of the specimen model after stretching: A – the specimen model before 

stretching; B – total deformation of the specimen; C – equivalent elastic strain of the specimen; D – 

maximum shear elastic strain of the specimen; E – equivalent stress of the specimen; F – the temperature of 

the specimen after deformation. 

 

Equivalent elastic strain el
, maximum shear 

elastic strain γel, equivalent stress σeq and the 

temperature T of the specimen material can be 

expressed through the specimen elongation Δl and 

variable load F (kN). The calculated formulas (1-4) 

are valid if the ratio of the initial diameter to the 

distance between shoulders of the specimen is 1:7. 

 

250000

69049603 ++
=

lF
el




        (1) 

1000000

452028050 ++
=

lF
el




        (2) 

10000

10484988.8102584455.413125 67 −−
=

lF
eq




 (3) 

10000

2220824247655442 −−
=

lF
T



          (4) 

 

The dependencies of total deformation, 

equivalent stress, pressure, and strain velocity of 

material from the specimen stretching time are 

presented in the Figs. 3-6. 

Total deformation and equivalent stress of the 

specimen material change by one function. The values 

of these parameters increase and decrease (for the 

some time ranges of the stretching process). This 

indicates that elastic strains occur in the specimen 

material when stretching. The range of minimum 

pressure in material has the negative values that 

characterize the specimen stretching, the range of 

maximum pressure in material has the positive values 

that characterize the specimen compression. So as 

destruction of the specimen occurs at the end of the 

time range of the stretching process then strain 

velocity of material at this moment will be the highest. 
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Figure 3 – The dependencies of total deformation of material from the specimen stretching time. 

 

 
Figure 4 – The dependencies of equivalent stress of material from the specimen stretching time. 

 

 
Figure 5 – The dependencies of pressure in material from the specimen stretching time. 
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Figure 6 – The dependencies of strain velocity of material from the specimen stretching time. 

 

Conclusion 

The following recommendations were 

formulated based on the analysis of modeling the 

stretching process of the cylindrical specimen on the 

testing machine: 

1. Maximum plastic deformation occurred in the 

specimen material, where variable load was applied. 

2. The calculated values of equivalent elastic 

strain, maximum shear elastic strain, equivalent stress 

and the temperature of material can be obtained by 

substituting the known values of load and elongation 

of the specimen into the analytical formulas (1-4). The 

temperature of material increases by 10 times when 

maximum shear elastic strain of the specimen is 0.233 

mm/mm. 

3. Material is subjected to plastic and elastic 

strains during stretching the specimen. Elastic strains 

occur up to destruction of the specimen material. 
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