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Abstract 
Plastic flow behavior of the SNCM8 steel was investigated by performing hot 
compression tests within the temperature range of 850˚C to 1200˚C and 
strain rates of 0.01 s−1 to 10 s−1. Constitutive modeling based on dynamic re-
crystallization was established, in which Cingara equation was applied to 
represent work hardening up to peak stress and Avrami equation to describe 
dynamic softening beyond peak stress up to steady state. It was found that 
stress-strain responses predicted by the combined model fairly agreed with 
experimentally resulted curves for the particular conditions. The correlation 
coefficient (R) of 0.9485 and average absolute relative error (AARE) of 
2.3614% was calculated for the modeled flow curves. 
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1. Introduction 

SNCM8 alloy is a commercial medium carbon Ni-Cr-Mo alloy steel. Due to its 
good balance of high strength, excellent toughness and wear resistance, this steel 
has been widely used for several general-purpose parts including automotive 
components, heavy-duty axles and gears, shaft and structural parts. Generally, 
the steel alloy is worked and fabricated at elevated temperatures [1]. During in-
dustrial hot forming processes of metals and alloys, components are usually 
subjected to extensive strain, strain rate and temperature histories. Understand-
ing plastic flow behavior of metal alloys at high temperatures is thus of great 
importance for part designers and manufacturers. In order to investigate worka-
bility and to establish optimum hot deformation processing parameters for 
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aimed alloys, a large number of works have been done by carrying out ther-
mo-mechanical experiments, like compression, tension and torsion test over a 
wide range of forming temperature and strain rate. Materials constitutive equa-
tions have been developed for describing the hot deformation characteristics. All 
introduced materials models could be divided into three categories, namely, 
phenomenological, physical based and artificial neural network models, which 
show different approaches, prediction capabilities and scopes of application [2] 
[3]. Flow behavior of alloys at elevated temperatures has significant influences 
on designing a material forming process with regard to its efficiency of con-
sumed deformation energy, final properties due to microstructure evolution. 
Therefore, it became very important to obtain an accurate description of flow 
stresses, although they are affected by several factors such as deformation tem-
perature, strain rate, strain and alloying elements. Numerous works concerning 
flow curve modeling for representing plastic flow stresses of metals and alloys 
and their applications in Finite Element (FE) simulations have been provided 
[4]-[13]. In some investigations, basic constitutive models have been extended or 
modified for different alloys by considering effects of particular forming process 
parameters such as strain rates [11] [14] in order to obtain more precise predic-
tions of the flow behavior, as presented in [15] [16]. As an example, in [8] a ma-
thematical model was developed to predict stress-strain curves of a Ti-IF steel 
alloy during hot deformation. This model was based on a phenomenological re-
presentation of the shape of stress-strain responses and traditional constitutive 
equations which incorporated the power law. Here, these equations were ex-
pressed in terms of peak stress, peak strain, steady state stress and one additional 
parameter. It was found that the stress-strain curves of the Ti-IF steel calculated 
by this model were in good agreement with experimental results. 

Those developed stress-strain relationships for predicting flow stress curves 
using peak stress, peak strain and four constants that were independent from 
deformation conditions could be simply calculated by non-linear regression of 
one or more experimental stress-strain curves [15]. Although predictions by us-
ing such type of stress-strain equations became more accurate than those by us-
ing the hyperbolic sine equation, it still showed a lack of strong physical back-
ground. Dynamic Recrystallization (DRX) flow curves of a 17-4 PH stainless 
steel were modeled and generalized using constitutive equations based on DRX 
description of Avrami model in [17]. By this manner, flow softening of the steel 
was directly related to the DRX volume fraction, in which the DRX time was de-
termined according to definition of strain rate. It was shown that the Avrami 
kinetics was well suitable for extrapolating flow curves up to higher strains. This 
approach was useful in order to overcome restrictions of some deformation 
processes, such as hot compression. Reliability of each compared model was 
then evaluated by means of the Root Mean Square Error (RMSE), for example. 
Dynamic recrystallization of austenite in the Cu-bearing HSLA-100 steel was 
investigated by hot compression testing within the temperature range of 850˚C - 
1150˚C and strain rate range of 0.001 - 1 s−1 [18]. Stress and strain responses of 
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the determined DRX flow behaviors were successfully correlated to the Zen-
er-Hollomon parameter, Z, by power-law equations. In this case, the exponential 
equation provided a more precise dependence of flow stress on Z parameter than 
the hyperbolic sine equation. Furthermore, activation energy and kinetics of the 
DRX could be apparently described by an Avrami-type equation. Hot working 
behavior of the 26NiCrMoV 14-5 steel was examined by hot compression tests 
for the temperature range between 850˚C and 1150˚C and strain rate between 
0.001 and 1 s−1 [19]. Obtained flow curves at temperatures higher than 1000˚C 
exhibited typical dynamic recrystallization, whereas those at lower temperatures 
represented work hardening without any indication of dynamic recrystallization. 
The flow stresses were subsequently correlated with strain rates and tempera-
tures using the hyperbolic sine function. It was observed that flow curves at high 
temperatures represented by a combination of Cingara and Avrami equations 
were considerably different from experimentally determined curves. Regarding 
low work hardening rate and increasing flow stress at the temperatures below 
1000˚C, possibility of deformation-induced precipitation was supposed. To ve-
rify the potential of precipitation in the material stress relaxation tests were per-
formed for different temperature ranges. According to the results different de-
pendencies of flow stress on temperature at low and high temperature condi-
tions were considered. 

In this study, stress-strain curves of the SNCM8 steel were investigated using 
hot compression tests, which were carried out at the temperatures of 850˚C, 
950˚C, 1050˚C, 1150˚C and 1200˚C with the strain rates of 0.01, 0.1, 1 and 10 s−1. 
By the flow curve modeling, experimentally determined stress-strain responses 
were predicted using two different constitutive approaches. Firstly, the hyper-
bolic sine equation was used to describe relationships between flow stresses, 
plastic strains, strain rates and temperatures. Secondly, the model according to 
the Cingara equation was applied for representing the flow curves up to their 
peak points. Then, successive flow stresses were characterized by the Avrami 
equation, which was based on the DRX kinetics model [17] [19]. Numerically 
calculated stress-strain curves were compared with the experimental curves and 
evaluated using the Average Absolute Relative Error (AARE) method. 

2. Experimental Procedure and Material Testing 

In this work, a commercial steel grade SNCM8 was investigated, for which the 
chemical composition was given in Table 1. Cylindrical test specimens of the 
examined steel with a diameter of 5 mm and a height of 10 mm were prepared. 
Hot compression tests were carried out on a Baehr DIL-805 deformation dila-
tometer at five different temperatures that were 850˚C, 950˚C, 1050˚C, 1150˚C 
and 1200˚C and four different strain rates that were 0.01, 0.1, 1 and 10 s−1. The 
temperature-time diagram of the hot compression tests was depicted in Figure 
1. By the tests, each specimen was firstly heated up to the given temperatures 
with the heating rate of 10˚C/s. Then, it was held at those temperatures for 1 min  
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Table 1. Chemical composition of the investigated steel (wt %). 

C Si Mn P S Cr Mo Ni V Al W 

0.387 0.273 0.695 0.025 0.170 0.768 0.156 1.871 0.010 0.015 0.080 

 

 
Figure 1. Experimental procedure of hot compression test. 

 
in order to obtain homogeneous temperature distribution before compression. 
The specimens were subsequently upset to a height reduction of 60%. During the 
hot compression tests, glass powder as lubricant was applied at the contact sur-
faces between specimens and dies for minimizing friction. To reveal recrystal-
lized grain structures, specimens were also rapidly cooled in nitrogen gas direct-
ly after various stages of compression from the true strain of 0.1 up to 0.9. Final-
ly, the quenched specimens were sliced along the axial section. The sectioned 
samples were polished and etched with saturated picric acid and corresponding 
micrographs were taken by optical microscope. 

3. Modeling of Stress-Strain Behavior 
3.1. Flow Characteristics at High Temperatures 

Flow curves experimentally determined from hot compression tests were shown 
in Figure 2(a) and Figure 2(b) for different strain rates and temperatures. It 
could be seen that most stress-strain responses exhibited typical DRX characte-
ristic, in which single peak stress occurred and was followed by a gradual drop 
towards steady-state stress. However, for this steel, the peak became less obvious 
when the strain rate or deformation temperature increased. The decline of flow 
stresses with forming temperature was primarily attributed to enhancement of 
the rate of restoration processes and consequently led to a decrease in strain 
hardening rate of the material. Additionally, DRX took place, when a critical 
strain was reached, and caused a further material softening. Since formation of 
DRX nuclei became easier at higher deformation temperatures, the critical strain 
for initiation of DRX typically increased at lower temperatures, as seen in Figure 
2(b) and Table 2. Some discrepancies were noticed at the low temperature of 
850˚C. Moreover, by rising forming temperatures mobility of grain boundaries 
increased and as a result, the rate of DRX was accelerated. Therefore, both 
strains, at which peak stress and stress at steady state were achieved, or so-called  
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Figure 2. Determined true stress-true strain curves of SNCM8 steel at various temperatures and 
strain rates (a) at the temperature of 1050˚C and (b) at the strain rate of 0.01 s−1. 

 
Table 2. Values of peak stress ( pσ ) and peak strain ( pε ) from different deformation 

conditions. 

Strain rate (s−1) 
Temperature (˚C) 

850 950 1050 1150 1200 

pσ  

0.01 120.02 78.96 58.93 37.38 27.55 

0.1 214.17 146.03 89.41 63.39 51.11 

1.0 278.38 206.98 144.22 93.10 77.22 

10 303.78 227.11 192.85 103.74 84.72 

pε  

0.01 0.1583 0.1628 0.1402 0.104 0.0905 

0.1 0.2442 0.2352 0.1673 0.1312 0.1402 

1.0 0.4206 0.3799 0.2940 0.2216 0.1764 

10 0.2487 0.3256 0.3121 0.2487 0.2307 

 
peak strain and steady state strain decreased with increasing deformation tem-
peratures. At low strain rate conditions such as 0.01 s−1, stress-strain curves with 
multiple peaks were observed. This was a typical phenomenon of DRX process at 
low deformation rate due to repeated recrystallization and grain growth cycles 
that took place before reaching the steady state [1] [2] [3]. 

3.2. Constitutive Description of Stress-Strain Behaviors 

In this work, constitutive modeling according to Arrhenius model was applied 
for describing relationship between flow stress, strain rate and temperature. Ma-
terial constants of the examined steel for the constitutive equations were deter-
mined from experimental results of the hot compression tests. By this manner, ef-
fects of both temperature and strain rate on plastic flow behavior of the material 
could be described by the Zener-Hollomon parameter with an exponent-type equ-
ation. The Arrhenius model represented functions between the Zener-Hollomon 
parameters and material flow stress that could be expressed as [8]-[14]: 

exp QZ
RT

ε  =  
 

                         (1) 
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( )expp
QAF
RT

ε σ  = − 
 

                      (2) 

where 

( ) ( )sinh nF σ ασ=                        (3) 

σ is the material flow stress in MPa for a given strain. R is the universal gas 
constant (8.31 J∙mol−1∙K−1). T is the absolute temperature in K. ε  is the strain 
rate (s−1). Q is the activation energy during hot deformation (kJ∙mol−1). A, α and 
n are the material constants, and α = β/n. In this work, values of peak stress 
( pσ ) from each condition were taken into account for the calculations. It was 
previously found that results obtained by using incremental flow stress values 
were similar to those only from the peak stress. Moreover, the hyperbolic-sine 
law, as provided in Equation (3) was applied, since it was more representative 
and commonly used. In the following, procedure for determining the material 
constants by considering the peak stresses was shown. Firstly, relationships be-
tween flow stresses and strain rates were described as: 

1 1ln ln ln B
n n

σ ε= −                       (4) 

1 1ln ln Bσ ε
β β

′= −                        (5) 

B and B' are materials constants that were independent from the forming 
temperatures. Then, substituting values of the flow stress at the peak points and 
corresponding strain rates into Equations (4) and (5). This resulted in relation-
ships between flow stresses and strain rates, as illustrated in Figure 3(a) and 
Figure 3(b). 

For a given constant temperature, the values of n and β were then derived 
from slopes of the regression lines in the ln - lnσ ε  and - lnσ ε  diagrams, re-
spectively. Here, flow stresses obtained from the hot compression tests could be 
represented by a group of parallel and straight lines. As seen, by using the linear 
regression method, the parameters n and β could be approximately determined 
for different deformation temperatures. Afterwards, the mean values of n and β of  

 

 
Figure 3. Relationships between (a) ln pσ  and lnε  and (b) pσ  and lnε . 

https://doi.org/10.4236/wjm.2021.113003


N. Jantepa, S. Suranuntchai 
 

 

DOI: 10.4236/wjm.2021.113003 23 World Journal of Mechanics 
 

7.073 and 0.071 MPa, were calculated for all examined temperatures, respectively. 
For the SNCM8 steel, the obtained parameter α = β/n was equal to 0.011 MPa−1. 
For the peak stress, Equation (2) could be rewritten as following. 

Taking natural logarithm to both side of Equation (2) gave 

( )ln ln ln sinh .pQ RT A nε ασ = − +                  (6) 

The apparent activation energy Q was calculated through differentiating Equ-
ation (6). 

( )
( )

( )
ln sinhln

1ln sinh
p

p
T

Q R
T

ε

ασε
ασ

    ∂∂     =
   ∂ ∂     





           (7) 

The values of forming temperatures, strain rates and corresponding stresses 
were substituted into Equation (6). Relationships of ( )ln sinh -1p Tασ    and 

( )ln sinh - lnpασ ε     could be evaluated at constant strain rate and temperature 
and then plotted in Figure 4(a) and Figure 4(b), respectively. Generally, the ac-
tivation energy values Q was determined from the slopes of parallel lines in the 

( )ln sinh -1p Tασ    and ( )ln sinh - lnpασ ε     plots. As before, from the re-
gression lines in Figure 4(a) and Figure 4(b), the values Q was directly calcu-
lated for different strain rates and forming temperatures. For the investigated 
steel, the averaged value of the activation energy Q of 385.6 kJ∙mol−1 was ob-
tained. For the peak stresses, Equation (1) could be expressed now as following. 

( )exp sinh p
QZ A
RT

η
ε ασ   = =    
                  (8) 

Then, taking the logarithm to both sides of Equation (8) gave 

( )ln ln  ln sinh pZ A n ασ = +                     (9) 

From the experimental results, relationship between ( )ln sinh pασ    and 
ln Z  could be determined and plotted in Figure 5. Then, the values of ln A  
and n were the intercept and slope of the ( )ln sinhln - pZ ασ    plot, respectively. 
Now, the values A of 1.019 × 1014 s−1 could be directly calculated. Additionally,  

 

 

Figure 4. Relationships between (a) ( )ln sinh pασ    and 1/T and (b) ( )ln sinh pασ    and lnε . 
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Figure 5. Relationship between ( )ln sinh pασ    and ln Z  for peak stresses from hot 

compression tests. 
 

the mean value of n from Equation (9) was computed to be 4.18. 
Finally, relationships between Q, lnA, β, n, α and plastic strain for the investi-

gated steel SNCM8 were fitted in a polynomial form. From Equation (8) the flow 
stresses σ were subsequently written as a function of the Zener-Hollomon para-
meter. Also, the proposed constitutive model could be summarized in the fol-
lowing equation. 

( ) ( )4.18141.019 10 sinh 0.011 exp 385.6 RTε σ= × −           (10) 

Then, the flow stress of the examined steel could be now expressed as a func-
tion of the Z parameter under consideration of the hyperbolic law. 

1
1 2 2

4.18 4.18

14 1490.9 1
1.019 10 1.019 10

Z Zσ

 
       = × + +     × ×       

       (11) 

3.3. Characteristic Points of Flow Curves 

Peak state and onset of steady state deformation were the important characteris-
tic points of a typical flow curve with DRX. Using calculated value of the activa-
tion energy Q, values of these states could be determined regarding to the Z pa-
rameter. Figure 6(a) and Figure 6(b) showed peak strain ( pε ), peak stress ( pσ ) 
and steady state strain ( ssε ), steady state stress ( ssσ ) as a function of the Zener- 
Hollomon parameter Z. As expected, DRX was actually shifted to a higher strain 
and stress as temperature decreased or strain rate increased. Equations (12)-(15) 
were particularly proposed in order to simply determine the start and finish of 
the DRX of the investigated steel during hot forming independence on the Z pa-
rameter [15] [17]. 

0.770.0140p Zε = ⋅                       (12) 

0.230.2731ss Zε = ⋅                       (13) 
0.1430.7445p Zσ = ⋅                       (14) 
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0.1540.4343ss Zσ = ⋅                       (15) 

According to Equations (14) and (15), a linear relationship between peak 
stress and steady state stress was obtained, as given in Equation (16) and de-
picted in Figure 7. This equation was further used for modeling purpose. 

0.961ss pσ σ=                         (16) 

3.4. Flow Curve Modeling up to Peak Stress 

In this work, experimentally determined flow curves were firstly described using 
the Cingara equation [17] [19], as expressed in Equation (17), up to their cor-
responding peak stresses of each condition. 

exp 1

c

p
p p

ε εσ σ
ε ε

   
  = −       

                  (17) 

Taking natural logarithm to this equation yielded the following equation. 

ln 1 ln
p p p

Cσ ε ε
σ ε ε

    
= − +            

                 (18) 

From Equation (18), relationship between ( )ln pσ σ  and ( ) ( )1 lnp pε ε ε ε− +   
 

 
Figure 6. Effects of the Zener-Hollomon parameter on the characteristic points of flow curve at (a) peak point and (b) steady state 
point. 
 

 
Figure 7. Relationship between peak and steady state stresses of the investigated steel. 
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could be obtained and plotted for determining the constant C by a linear regres-
sion, as illustrated for the temperature of 1050˚C and strain rate of 0.1 s−1 in 
Figure 8. Subsequently, the average value of 0.382 was calculated for the indi-
vidual constants C of each condition, as summarized in Table 3. Then, true 
stress-strain curves were modeled using the Cingara equation up to the peak 
stresses for every tested forming condition and compared with the experimental 
curves. The results were acceptable, as depicted for the strain rate of 0.1 s−1 and 
different temperatures in Figure 9. 

 

 
Figure 8. Plot for calculation of the Cingara constant C. 

 
Table 3. Values of the constant C of the Cingara equation for each testing condition. 

Strain rate (s−1) 
Temperature (˚C) 

850 950 1050 1150 1200 

C 

0.01 0.440 0.585 0.583 0.592 0.389 

0.1 0.417 0.514 0.551 0.671 0.582 

1.0 0.282 0.281 0.239 0.247 0.198 

10 0.273 0.239 0.271 0.171 0.125 

 

 
Figure 9. Comparison of stress-strain curves up to peak stresses obtained by experiments 
and Cingara equation for the strain rate of 0.1 s−1 and different temperatures. 
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3.5. Flow Curves Modeling after Peak Stress 

As seen in Figure 2, DRX was the most significant softening mechanism that 
occurred in the investigated steel during hot deformation. Generally, it was so 
complex to determine the DRX fraction dX  by microstructure observations. In 
this work, Avrami model was applied, in which the dX  value could be directly 
derived from the experimental stress-strain data. The DRX fraction was de-
scribed as a function of different characteristic values of the flow curve, as ex-
pressed in Equation (19) [17]. 

p
d

p ss

X
σ σ
σ σ

−
=

−
                       (19) 

pσ  is the peak stress, ssσ  is the steady state stress. The ( pσ σ− ) term indi-
cated material flow softening from the peak point to any flow stress σ, whereas 
the ( p ssσ σ− ) term represented the maximum achievable softening. This flow 
softening was directly related to the DRX volume fraction dX , in which effects 
of DRV on flow softening were not considered here [19]. Moreover, it was sup-
posed that initiation of DRX took place at the peak strain. By this consideration, 
calculations according to the Avrami equation could provide results with ac-
ceptable accuracy [18]. 

Thus, Equation (20) has been often used as the general form of the DRX ki-
netics model in alloy [17]-[22]. 

( )1 exp
n

c
d

p

X k
ε ε
ε

  − = − −      
                  (20) 

where k, n are the material constants; ε  is the true strain; cε  is the critical 
strain and pε  is the peak strain. However, cε  was known as the critical strain 
for the initiation of DRX, but the flow softening intrinsically started at peak 
strain pε  [21].Therefore, Equation (20) could be transformed to Equation (21). 
In order to determine the values of k and n, Equation (21) was rewritten by tak-
ing a double natural logarithm form, as shown in Equation (22). 

( )1 exp
n

p
d

p

X k
ε ε
ε

  −
 = − −      

                 (21) 

1ln ln ln ln
1

p

d p

k n
X

ε ε
ε

 − 
= +     −   

               (22) 

The relationship between ( )( )1ln ln 1 dX−  and ( )( )ln p pε ε ε−  under 
various deformation conditions was almost linear, as depicted in Figure 10. 
From this relationship, the values of k and n of 1.865 and 2.065, respectively, 
were obtained for the DRX kinetics model. Also, the DRX kinetics model for the 
investigated steel could be then established as following. 

1.865

1 exp 2.065 p
d

p

X
ε ε
ε

  −
 = − −      

                (23) 
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Figure 10. Determination of the constants k and n for different temperatures and strain 
rates. 

 

 
Figure 11. Predicted DRX volume fraction occurred under various deformation temperatures and strain rates of (a) 0.01 s−1, (b) 
0.1 s−1, (c) 1.0 s−1 and (d) 10 s−1. 
 

Based on the calculated results of this model, effects of deformation tempera-
ture, strain rate and strain on volume fraction of the occurred DRX were shown 
in Figure 11. It could be seen that the volume fractions of DRX increased with 
increasing strain. Additionally, the DRX rate obviously became higher at higher 
temperatures or lower strain rates. At the strain rates of 0.1 and 0.01 s−1, a com-
pletely recrystallized structure was predicted for all tested temperatures beyond 
the true strain of 0.9. In contrast, at higher strain rates of 1 and 10 s−1, incom-

https://doi.org/10.4236/wjm.2021.113003


N. Jantepa, S. Suranuntchai 
 

 

DOI: 10.4236/wjm.2021.113003 29 World Journal of Mechanics 
 

plete recrystallization was shown for the lower temperature of 850˚C, 950˚C and 
1050˚C. 

According to Equation (19) to Equation (23) in combination with Equation 
(16), flow stresses after peak points could be expressed as: 

( )p p ss dXσ σ σ σ= − −                     (24) 

According to Equation (24), Equation (21) and Equation (16), flow stresses 
beyond peak points could be given then as a function of the peak stress and peak 
strain as following. 

( )
1.865

0.961 0.039 exp 2.065 p
p p

p

ε ε
σ σ σ

ε

  −
 = + −      

         (25) 

The values of pσ , pε , k and n were determined for each deformation condi-
tion and subsequently stress-strain curves were calculated by using Equation (25). 

3.6. Prediction of Flow Stress Curve 

In order to verify the introduced flow stress models, experimental and numeri-
cally predicted stress-strain results were compared. Figure 12 showed measured 
and calculated flow stress curves of the investigated steel SNCM8 for five different  

 

 
Figure 12. Comparisons between experimental and predicted stress-strain curves obtained from hot compression tests at different 
temperatures and strain rates of (a) 0.01 s−1, (b) 0.1 s−1, (c) 1.0 s−1 and (d) 10 s−1. 
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Figure 13. Correlation between the experimental and predicted flow stress data. 

 
deformation temperatures and strain rates. It could be observed that flow 
stresses predicted by the proposed models were in good agreement with the ex-
perimental data for all entire ranges of examined deformation temperature and 
strain rate. A scatter diagram of the predicted values against experimental results 
for all deformation conditions was provided in Figure 13, in which well correla-
tion between calculated and experimental flow stress data was verified. Predicta-
bility of the approach was also evaluated by employing standard statistical para-
meters such as correlation coefficient (R) and average absolute relative error 
(AARE). These parameters were both expressed as following. 

( )( )
( ) ( )

1

2 2

1 1

i ii
N

N n
i ii i

P P E E
R

P P E E

=

= =

− −
=

− −

∑
∑ ∑

               (26) 

1 100i i
i

i

N E PIAARE
N E=

−
= ×∑                  (27) 

E is the experimental flow stress and P is the predicted flow stress obtained 
from the introduced combined constitutive equations. E  and P  were the 
mean values of E and P, respectively. N is the total number of data used in this 
study. R is a commonly employed statistical parameter and provided informa-
tion on the reliability of linear relationship between the experimental and pre-
dicted data. Sometimes, the higher value of R may not necessarily indicate a bet-
ter performance, whereby tendency of the equation could be biased towards 
higher or lower values [17] [22]. The AARE was calculated through a compari-
son between relative errors and therefore was rather an unbiased statistical pa-
rameter that was more suitable for determining the predictability of the equa-
tions [17]. From Figure 13, the values of R and AARE were calculated to be 
0.9486% and 2.361% respectively, which exhibited high prediction capabilities of 
the developed combined constitutive models. 

4. Conclusions 

Hot compression tests of the steel alloy SNCM8 were conducted in the tempera-
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ture range of 850˚C - 1200˚C and the strain rate range of 0.01 - 10 s−1. It was found 
that the strain rate and temperature significantly affected flow stress-strain beha-
vior of this steel. The flow stress decreased with increasing deformation temper-
ature and decreasing strain rate. 

1) Stress-strain curves of the SNCM8 steel exhibited typical DRX phenome-
non with single peak stress followed by a gradual fall towards steady state stress. 

2) Constitutive equations were developed using the hyperbolic-sine type of the 
Arrhenius model for describing the stress-strain responses independence on the 
deformation temperatures and strain rates and following relationship was ob-
tained. 

( ) ( )4.1832141.019 10 sinh 0.0110 exp 385.584 RTε σ= × −  

 

3) Relationships between the characteristic points of flow stress and the para-
meter Z were determined as 0.770.0140p Zε = ⋅ , 0.230.2731ss Zε = ⋅ ,  

0.1430.7445p Zσ = ⋅ , 0.1540.4343ss Zσ = ⋅  and the linear function between the 
peak and steady state stress was 0.961ss pσ σ= . 

4) The DRX flow curves obtained from experiments were successfully de-
scribed by using a combination of Cingara and Avrami equations. 

5) Predictability of the introduced combination approach of the Cingara and 
Avrami equations was evaluated in terms of the correlation coefficient (R) and 
average absolute relative error (AARE). The R and AARE were found to be 
0.9486% and 2.3614% respectively, which indicated good prediction capabilities 
of the combined model. 
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