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Abstract  The paper is focused on the process of selecting a suitable material plasticity model. Such a model 
would be used in the future numerical analysis of the behaviour of selected structural elements in the elastic-plastic 
deformation of the steel in the SolidWorks software environment. These analyzes should include monitoring the 
behaviour of the material under the conditions of its plastic reinforcement (strain - hardening). Numerical modelling 
used two models of plasticity, namely the von Mises and Tresca's models. Subsequently, a comparison of the match 
between the real load-deformation diagram, possibly stress-strain diagram, obtained by the experimental static 
tensile test and the diagram obtained from the numerical simulation of two different steel-based structural materials 
was performed. The results of the dual tensile test analysis showed that the von Mises model achieves greater 
consistency with the tensile curve based the actual tensile test. Therefore, this model will be later used in subsequent 
numerical simulations of the material under the conditions of its plastic reinforcement. 
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1. Introduction 

As part of the numerical analysis of the behaviour of 
selected structural elements in the elastic-plastic area of 
deformation in the SolidWorks software environment, a 
material analysis is planned under the conditions  
of its plastic reinforcement. In the SolidWorks program 
environment, a particular chosen model of plasticity must 
then be applied. However, this program, like similar FEM 
program products, offers several models of plastic 
behaviour of material [1,2]. The decision on which of the 
models is most relevant to reality and which will be 
applied to a later numerical analysis can be made by 
comparing of the results of independent analyzes. The 
choice of a significant plasticity model for the numerical 
analysis will be performed on the basis of actual and 
virtual tensile tests, followed by a comparison of the 
experimental and numerical stress-strain diagrams. 

2. Plasticity Criteria 

2.1. The Transition from Elastic to Plastic 
Deformation 

The deformations of the body in the elastic state  
are clearly described by the functions of the stress  

vector components. In case of uniaxial stress, the  
elastic state criterion can be written by this scalar 
inequality 

 ( )0 0.σ σ− <  (1) 

The quantity σ0 here corresponds to the critical stress 
value, e.g. yield point. 

In the case of the transition from elastic to plastic, the 
relevant plasticity criterion can be written in a scalar shape 

 ( )0 0, 0.f σ σ σ σ= − =  (2) 

In general triaxial stress, where the stress vector is 
determined by 

 , , , , , ,
T

x y z xy yz zxσ σ σ τ τ τ =  σ  (3) 

the relevant criterion of plasticity is 

 ( )0, 0,f =σσ  (4) 

respectively for material constants ki the condition is in 
shape 

 ( ), 0.if k =σ  (5) 

There are currently a number of hypotheses and 
plasticity criteria based on different criteria. Accepted and 
often used include, for example, the von Mises, Tresca, 
Mohr-Coulomb, Drucker-Prager and others. 
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2.2. The Von Mises Criterion of Plasticity 
The von Mises criterion (Huber-Mises-Hencky) is 

based on the potential energy of stress for shape change as 
well as the equivalent yield criterion of strength. The 
condition of plasticity itself is based on the hypothesis that 
in the plastic state, the shear stress intensity τi is constant 
and equal to the critical shear stress 

 ,i D KKτ τ= =  (6) 

where shear stress intensity is equal to 

 3 ,
2i oktτ τ=  (7) 

or 

 ( ) ( ) ( )2 22
1 2 2 3 3 1

1 .
6iτ σ σ σ σ σ σ = − + − + −  

 (8) 

For uniaxial stress and for yield stress Re there is a 
relationship 

 0 3 3 .e K DR Kσ τ= = =  (9) 

The resulting condition of the von Mises plasticity criterion 
can be expressed by means of principal stresses in the shape 

 ( )
( ) ( )
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σ  (10) 

2.3. Tresca's Criterion of Plasticity 
Under this criterion, it is assumed that the plastic 

transformation begins at the moment when the maximum 
shear stress τmax (σ) reaches a critical and constant value 

 max .D KKτ τ= =  (11) 

The relevant hypothesis was, for the first time, 
pronounced by Saint-Venant. This theory was completely 
proven by Tresca. Explaining this condition is more 
complex if it is not clear which of the three extreme shear 
stresses is maximum. 

The maximum shear stresses in the individual principal 
planes can be gradually expressed in shape 

 ( )max12 1 2 2,τ σ σ= −  (12) 

 ( )max 23 2 3 2,τ σ σ= −  (13) 

 ( )max13 1 3 2.τ σ σ= −  (14) 

At the same time, for uniaxial stress there is a 
relationship: 

 0 max2 2e DR Kσ τ= = = .  (15) 

The resulting condition of Tresca's plasticity criterion 
then can be expressed by means of the largest difference 
of the principal stresses in the shape 

 ( ) 0max .if σ σ= ∆ −σ  (16) 

The criterion of the constant value of the maximum 
shear stress is less accurate than the criterion of the 

constant value of the shear stress intensity. However, 
because of its simplicity it is used more often. 

2.4. Graphical Expression of Plasticity 
Criteria 

The general criterion of plasticity can be expressed by 
the surface of plasticity in the area determined by the 
Cartesian coordinates of the principal stresses σ1, σ2 and 
σ3. This area divides the stress area into two parts. For the 
first of these, f < 0, i.e. the criterion of plasticity is not 
fulfilled, and for the other of the fields f > 0, i.e. the 
plasticity criterion is satisfied. On their interface there is a 
boundary area - the surface of plasticity, for which f = 0. If 
this area is unchanged and there is no change in tension in 
the process of loading, relieving and reloading, then it is 
the initial surface in the area. Such surface corresponds to 
an ideal plastic material. 

If material is considered, whose plasticity area is not 
affected by medium stress 

 ( ) 3s x y zσ σ σ σ= + +  (17) 

and while being isotropic, the area of plasticity in the 
three-dimensional space of the main stresses σ1, σ2 and σ3. 
is geometrically represented by a cylindrical surface 
whose axis is identical to the so-called hydrostatic axis. 
The hydrostatic axis is a straight line passing through the 
origin of the coordinate system. This axis is also diverted 
from the directions for σ1, σ2 and σ3. The points for this 
axis can be expressed by relationship 

 1 2 3.σ σ σ= =  (18) 

The plane perpendicular to the hydrostatic axis, which 
at the same time passes the origin of the coordinates, is so-
called deviatoric plane. This one is then determined by the 
relationship 

 1 2 3 0.σ σ σ+ + =  (19) 

The surface of the plasticity and the deviator plane then 
defines the plasticity curve. This can then have a various 
numbers of symmetry axes, depending on the behaviour of 
the material or the applied plasticity criterion. 

 
Figure 1. Surfaces of the plasticity for the von Mises and Tresca's 
criteria of plasticity 
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Figure 2. Deviatoric sections for the von Mises and Tresca's criteria of 
plasticity 

 
Figure 3. Biaxial stress for the von Mises and Tresca's criteria of 
plasticity 

The von Mises criterion of plasticity can be expressed 
in the form of an infinitely long cylinder and the Tresca's 
criterion of plasticity in the form of an infinitely long 
regular six-angular prism according to Figure 1. The axes 
of both surfaces are identical to the hydrostatic axis. A 
common graphical representation of both conditions by 
the deviatoric sections is in Figure 2 and a common 
graphical representation for biaxial stress is shown in 
Figure 3. [3,4,5,6] 

3. Experimental Static Tensile Test 

Two specimens, were made from two different steels 
and were subjected to complete tensile test, that is until 
the material was broken down. The material of the first 
test specimen (Figure 4), HS 001/17, was stainless steel 
S355J2C+N suitable for cold forming. The material of the 
second specimen (Figure 5), bearing the HS 002/17 
designation, was the noble 42CrMo4 structural steel. This 
steel is used for more stressed machine parts where high 
strength and high toughness are required. 

The static tensile test of materials was performed 
according to the STN EN 10002-1 standard on a universal 
testing machine Herkules with a maximum force of 40 kN. 

 
Figure 4. Model and the real specimen HS 001/17 

 
Figure 5. Model and the real specimen HS 002/17 

 
Figure 6. Load-deformation (tensile) diagram of the specimen HS 
001/17 

 
Figure 7. Load-deformation (tensile) diagram of the specimen HS 
002/17 
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The resulting load-deformation diagrams are in  
Figure 6 a Figure 7. In Figure 6 is the load-deformation 
diagram of HS 001/17 and in Figure 7 is the load-
deformation diagrams of sample 002/17. It is evident from 
tensile diagrams that the S355J2C+N steel has a 
significant yield point, but the 42CrMo4 steel has no that 
value. In this case, so-called conventional value of yield 
point is used. This value represents a stress at which the 
permanent deformation reaches 0.2% (ε = 2·10-3) of the 
initial value. The yield strength of the first specimen is 
405 MPa, and the second specimen has a value of  
803 MPa. In the case of S355J2C+N steel, the ultimate 
strength is 558 MPa, and in the case of 42CrMo4 steel, the 
ultimate strength is 997 MPa. 

The curves of the tensile diagram have linear character 
in the area of elastic deformation, i.e. below the yield 
point. However, for specimen HS 001/17, the acquired 
dependence is initially curled. The reason for this 
phenomenon was the sliding of the specimen in the jaws 
of the testing machine at the beginning of the test. 

4. Simulated Static Tensile Test 

A simulated static tensile test was performed in the 
SolidWorks program environment. The simulation of the 
load was realized only until the maximum stress equal to 
the ultimate strength. The virtual specimens were 
modelled according to the actual shapes and sizes of 
specimens used in the experimental tensile test, which are 
also subject to STN EN 10002-1. However, the FEM 
numerical system did not offer specimen materials. 
Therefore, the properties of individual materials were 
deduced from technical cards [7,8]. Due to the testing of 
both materials in the plastic area, it was also necessary to 
obtain stress-strain curves of the dependence between 
stress and the normal strain of individual materials. The 
material curve of S355J2C+N defined in the program is in 
Figure 8 and the material curve of 42CrMo4 is in Figure 9. 
The individual points of these curves were determined 
from the tensile diagrams of the test specimens. 

The values in the stress-strain curves were transformed 
only until the ultimate strength of both materials for the 
von Mises plasticity model. Subsequently, according to 
Figure 10 for the samples, a finite element network was 
created. Also, boundary conditions and load have been defined. 

 
Figure 8. Stress-strain curve of the S355J2C+N 

 
Figure 9. Stress-strain curve of the 42CrMo4 

 
Figure 10. Finite element network, boundary conditions and load of 
virtual models of the specimens HS 001/17 and HS 002/17 

5. The Results of Numerical Modelling 

5.1. For the Von Mises Model 
In Figure 11 and Figure 12, the results of simulations of 

virtual specimens HS 001/17 and HS 002/17 are shown. 
The distribution of the reduced stresses according to the 
von Mises yield criterion is shown. The von Mises 
material model of plasticity was used. 

 
Figure 11. Result of simulation for HS 001/17 and the von Mises model 
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Figure 12. Result of simulation for HS 002/17 and the von Mises model 

The results of these simulations have been further 
utilized for forming the stress-strain diagrams shown in 
Figure 13 and Figure 14. The corresponding values of the 
reduced stresses and normal strains were read at the point 
halfway along the length of the virtual model. 

 
Figure 13. Virtual stress-strain diagram for HS 001/17 and the von 
Mises model 

 
Figure 14. Virtual Stress-strain diagram for HS 002/17 and the von 
Mises model 

5.2. For Tresca Model 
In Figure 15 and Figure 16, the results of further 

simulations of virtual specimens HS 001/17 and HS 002/17 

are shown. The distribution of the reduced stresses again 
according to the von Mises yield criterion is shown. 
However Tresca material model of plasticity was used. 

 
Figure 15. Result of simulation for HS 001/17 and Tresca model 

 
Figure 16. Result of simulation for HS 002/17 and Tresca model 

The results of these simulations have been further 
utilized for forming the stress-strain diagrams shown in 
Figure 17 and Figure 18. The corresponding values of the 
reduced stresses and normal strains were read at the point 
halfway along the length of the virtual model. 

 
Figure 17. Virtual stress-strain diagram for HS 001/17 and Tresca model 
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Figure 18. Virtual stress-strain diagram for HS 002/17 and Tresca model 

6. Comparison of the Experimental and 
Numerical Analysis Results 

The results of the experimental tensile tests according 
to Figure 6 and Figure 7 and the results of the simulated 
tensile tests according to Figure 13, Figure 14, Figure 17 
and Figure 18, were then compared. It was mainly about 
the level of conformity, respectively about the differences 
in the results obtained. 

6.1. For the Von Mises Model 
By comparing of the respective segments of according 

to Figure 6 and Figure 13 for samples HS 001/17 in  
Figure 19 it has been found, that the curves are practically 
identical in the elastic area. There was a certain minimum 
deviation in the plastic area. Main tracking values, i.e. the 
yield strength and the ultimate strength are the same. 

 
Figure 19. Comparison of the experimental and numerical analysis 
results - von Mises (HS 001/17) 

By comparing of the respective segments of according 
to Figure 7 and Figure 14 for samples HS 002/17 in  

Figure 20 it has been found, that the curves are not exactly 
identical in the elastic area. Observed slight variations can 
be explained by the fact that the elastic part of the 
experimental tensile diagram is not entirely linear. There 
were much greater variations in the plastic area. Despite 
these findings, the yield strength and the ultimate strength 
are practically comparable. 

 
Figure 20. Comparison of the experimental and numerical analysis 
results - von Mises (HS 002/17) 

6.2. For Tresca Model 
By comparing of the respective segments of according 

to Figure 6 and Figure 17 for samples HS 001/17 in  
Figure 21 it has been found, that the curves are not exactly 
identical in the elastic area, but the differences are not 
large. But there was a significant deviation in the plastic 
area. The value of the yield strength is the same, but the 
ultimate strength varies. The difference is a few MPa. 
Deviations are larger than for the von Mises model. 

 
Figure 21. Comparison of the experimental and numerical analysis 
results - Tresca (HS 001/17) 
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By comparing of the respective segments of according 
to Figure 7 and Figure 18 for samples HS 002/17 in  
Figure 22 it has been found, that the curves are not exactly 
identical in the elastic area. Slight variations in the range 
up to 110 kN can be explained by the fact that the elastic 
part of the experimental tensile diagram is not entirely 
linear. There are much bigger deviations in the area above 
110 kN and also in the plastic area. The values of the yield 
strength and the ultimate strength are roughly the same. 

 
Figure 22. Comparison of the experimental and numerical analysis 
results - Tresca (HS 002/17) 

7. Conclusion 

For dual tensile analysis - experimental and numerical, 
two materials were used. They were chosen so that one 
material had a significant yield point and the other 

material did not. The values of the yield strength and the 
ultimate strength were also different for the individual 
materials. Numerical modelling used two models of 
plasticity, namely von Mises and Tresca. A comparison of 
the match between the real tensile diagram obtained by the 
experimental static tensile test and the diagram obtained 
by the numerical simulation was then made. The results 
obtained show that the von Mises model of the plasticity 
compared to the Tresca model achieves greater consistency 
with the tensile curve from the experimental tensile test. 
Therefore, this model of plasticity will be later used in 
subsequent numerical simulations in the elastic-plastic 
area for material analyzes under conditions of its plastic 
reinforcement. 
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