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Abstract. The account of tertiary (third) stage of creep is important for the failure analysis of 
structures. The correct description of third stage of creep is based on taking into account of 
damage accumulation process. An identification of the parameters of coupled creep-damage 
model leads to the optimization problem of finding the global minimum of a functional, having 
a complex, non-linear structure and a large number of local minimums. The Nelder–Mead 
method is applied to the solution to the multiparameter identification problem. The 
effectiveness and robustness of the applied approach are illustrated on examples of mechanical 
and civil engineering.

1 Introduction

The creep process is described by the so-called creep curve, which represents the time dependence of 
the strain at constant temperature and applied load (or stress). It is conventionally divided into three 
sections or stages (Fig. 1): initial stage, or primary creep, when the strain rate slows with increasing 
time, secondary or steady state of creep, when the strain rate eventually reaches a minimum and 
becomes near constant and in tertiary creep, the strain rate exponentially increases with stress. Fracture 
always occurs at the tertiary stage.  

Figure 1. Schematic representation of creep curve showing primary (I), secondary (II) and tertiary (III) 
deformation regimes.
_________________ 
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For most materials, the main time before the failure takes the second stage of the creep. Therefore, 
to describe the creep curves of these materials is sufficient to use the model, taking into account only 
the second (steady state) stage of the creep. However, some materials, such as single crystal nickel 
base superalloys [1,2], heat-resistant steel [3,4] or asphalt mastic [5], demonstrate domination of the 
third stage of creep. To describe the creep of such materials, it is necessary to use models that describe 
correctly a third stage of creep. The correct description of third stage of creep is based on taking into 
account of damage accumulation process. 

2 Materials and Methods 

2.1 Constitutive equations of creep

In this work the Kachanov-Rabotnov model [3] is used for description a third stage of creep: 
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where D, is scalar damage variable ( 10 �� D ).
After integration (1), (2) obtain: 
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Thus, it is generally necessary to determine the seven constants: B, n, K, q, l, p, m. 

Checking of the correctness of determining the coefficients K and p equation (2) may be carried 
out by means of conditions for the destruction D(t = tf ) = 1, where D is found by integrating (2) with 
zero initial conditions (D (t = 0) = 0) and constant stress. The result of the integration of (2) may be 
expressed as follows: 
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where  tf is time before the failure 
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Taking into account equation (4) and (5) the equation (3) can be rewritten as: 

MATEC Web of Conferences

01041-p.2



m

q

l

f

f

nс

t

t
tB

q

l

m

�

	
�





�




�








�




�

�

�
�
�

�

�

�
�
�

�

�

�
�
�

�
�
�
�

�
��

	
�

�
�

1
1

1
1

11

1
1

1 ��

.

(6)

In this paper n=l is used.

For simplification the definition of material parameters (6) can be rewritten as: 
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Units of measurement are 

follows: � �
� �xMPa
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Defining the parameters of the material was carried out by means of minimization of the objective 
function: 
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This functional has a complex, non-linear structure and a large number of local extremums. The 
solution to this problem is not trivial. When we using the Newton's method, the Gradient descent 
method we have not received the result. In this works for solution of this problem was use Nelder–
Mead method.

2.2 Nelder–Mead method 

The Nelder–Mead method is a numerical method used to find the minimum or maximum of an 
objective function in a many-dimensional space. It is applied to nonlinear optimization problems for 
which derivatives may not be known. This method is described in detail in literature [6,7], and we are 
shown only principal scheme of this method. 
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4. Transformation. Compute the new working simplex from the current one.

-  SPbWOSCE-2015 -SPbWOSCE-2015

01041-p.3



5. Reflect. Compute reflected point � � � � � � � �� �k
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xf 0 – is the value of the objective function at the center of mass of all points. 

3 Results and Discussion

3.1 Result of parameter identification for creep models of single crystal nickel base 
superalloys

The constants of the creep model (1)-(2) for single crystal alloys VZhM4 and VZhM5Y with 
crystallographic orientation <001> at 1050 oC were determined. Experimental creep curves were 
obtained in the laboratory of Strength of materials [8-10]. Creep curves for the following stress: 250, 
280 and 320 MPa were investigated. The experimental creep curves and their approximation by (7) are 
shown in Fig. 2. Mean square deviation between the experimental points and approximation was 1%. 
The creep model parameters for single crystal alloys VZhM4 and VZh5MY are given in Tab. 1.

Table 1. The creep model parameters for single crystal alloy VZhM4 and VZhM5Y 

A x K1 p v m

VZhM4 2010 1,0·10-6 1,58·10-13 5,63 9,6·10-4 1,83
VZhM5Y 929 5,0·10-5 1,12·10-12 5,01 2,66·10-3 1,51
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Figure 1. Experimental creep curves (points) [8-10] and their approximation with using creep model (solid lines) 
for single crystal nickel base superalloys VZhM4 (a) and VZhM5Y (b). 

3.2 Result of parameter identification for creep models of heat-resistant steel

The constants of the creep model (1)-(2) for Type304H austenitic stainless steel at 650°C are
determined. We use experimental creep curves from [4]. Creep curves for the 250, 280 and 320 MPa 
are considered. The experimental creep curves and their approximation by (7) are shown in Fig. 2. 
Mean square deviation between the experimental points and approximation was 0.4%. The creep 
model parameters for Type304H austenitic stainless steel were shown in Tab. 2.

Table 2. The creep model parameters for Type304H austenitic stainless steel 

A x K1 p v m

HR steel 2,31·10-7 3,01 1,63·10-15 6,91 3,09·10-7 1

Figure 2. Experimental creep curves and their approximation with using creep model (1)-(2) for Type304H 
austenitic stainless steel at 650°C. The lines show the approximation of creep curves, points shows the 
experimental data [4]. 
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3.3 Result of parameter identification for creep models of asphalt mastic

The constants of creep model for asphalt mastic at 40°C were determined. We use experimental creep 
curves from [5]. Creep curves for the following stress: 0.1, 0.15, 0.2, 0.25 and 0.3 MPa was 
investigated. The experimental creep curves and their approximation by (7) are shown in Fig. 3. Mean 
square deviation between the experimental points and approximation was 2%. The creep model 
parameters for asphalt mastic was shown in table 3. 

Table 3. The creep model parameters for asphalt mastic 

A x K1 p v m

Asphalt mastic 46,6 1,33 2,61·10-2 2,19 2,21·10-5 0,49
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Figure 3. Experimental creep curves and their approximation with using creep model (1)-(2) for asphalt mastic. 
The lines show the approximation of creep curves, points show the experimental data [5]. 

4 Conclusions 

The modeling of creep process has been analyzed for three different class of materials: 
. single-crystal nickel-based alloys VZhM4 and VZhM5Y, 
. 304H austenitic stainless steel, 
. asphalt mastic. 

The obtained results of creep analysis allow to find out: 
. the creep model in the form of the hardening theory considering damage accumulation is 

applicable for creep behavior prediction with account of III stage for all considered 
materials, 
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