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Abstract 

 
The paper presents test results of the course of fatigue damage of the GX12CrMoVNbN9 in conditions of the 

constant-amplitude loadings. As the parameter of fatigue damage there was assumed the change of mechanical 

properties which was determined in various stages of fatigue life. Three stages with a different rate of growth of the 

fatigue damage parameter were distinguished in the course of fatigue damage. It was stated that the critical value for 
the fatigue damage parameter depends on the level of loading and temperature. 
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1. Introduction 
 

Description of the course of fatigue damage cumulation and decrease of the mechanical 

properties of structural materials caused by the cyclic loading makes an essential engineering 

problem for many years [1, 2]. Studies on fatigue damages development were always connected to 

the searching for applicable measure of the fatigue damage. Various methods were used (direct 

and indirect): optical, changes of the electric or magnetic field, temperature, acoustic emission, 

mechanical properties, etc. [3, 4, 5, 6]. Mentioned methods are not for all-purposes and they are 

chosen dependently of the character of the fatigue damage development. 

In this paper the change of the material reaction to the cyclic loadings was assumed as the fatigue 

damage parameter. This paper attempts to verify the methods for measuring fatigue damage 

parameter under low cycle fatigue (LCF) conditions. 

 LCF tests can be carried out under controlled loading or strain. Under controlled loading 

testing machine keeps the amplitude of the loading constant ( a=const). During the tests changes 

in the total strain (!ac) or plastic strain (!ap) may occur. It may be caused due to the fatigue 

damage. During the tests under controlled strain the amplitude of total strain (!ac=const)  or plastic 

strain (!ap=const) is kept constant which afterwards may result in changes of the amplitude of the 

loading ( a).  

In Fig. 1 there is presented a scheme of possible changes of control parameters of the testing 

machine and measured parameters for the mentioned tests. 
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Fig. 1. Controlled parameters of testing machine and measured values 

 

During LCF tests softening or hardening of material often takes places, followed by so called 

stabilization. Changes of the analysed hysteresis loop parameters after the stabilization can be 

ascribed to the progressive process of the fatigue damage.   

Damage parameter can be defined in various ways [7, 8, 9]. In case of loading control ( a=const) 

the damage parameter D "may be described as follows: 
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where: #!$""%"the range of total strain during the stabilization period 

   #!"""%""the range of total strain during the damage period 

 

Whereas for the tests with the total strain control (!ac=const) the damage parameter D "may be 

described as follows: 
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where:  # $""%"the range of stress during the stabilization period, 

    # ""%"" the range of stress for the damage period, 

 

 

The aim of this work is the analysis of the influence of the temperature and level of total strain on 

the critical value of the damage parameter and its course during loadings.  
 

2.  Description of tests

 

Specimens for the tests were made of GX12CrMoVNbN9-1 martensitic cast steel. The shape 

and dimensions of the specimens were in agreement with the standard [12] PN-84/H-04334. 

Chemical composition of the cast steel is collected in table 1.  
 

Tab. 1. Chemical composition [%] 

 

 
 

 

C Mn Si P S Cr Mo V Nb N 

0.12 0.47 0.31 0.014 0.004 8.22 0.90 0.12 0.07 0.04 



 

At first static tensile tests were carried out in order to determine levels of total strain for the fatigue 

tests. There were used specimens for the fatigue tests. The specimens underwent increasing 

loading with the rate of machine piston displacement speed of 0.05 mm/s. Specimen’s elongation 

was measured by a 12.5 mm gauge length axial extensometer with measuring range of 3.75 mm 

which was fixed to the specimen. The static tensile tests were carried out under temperatures of 20, 

400, 600
o
C. Strength properties are collected in table 2.  

 
Tab. 2. Strength parameters of cast steel for the three temperatures 

 

Parameter 
Temperature, 'C 

20 400 600 

Re, MPa 503 418 303 

Rm, MPa 663 535 338 

El.12.5, % 36.3 38 63.5 

A, % 63.4 71 87.3 

E, MPa 206870 180234 150120 

 

After analysing static tensile tests five levels of total strain !ac were accepted in low cycle tests 

according to table. 3. 

 
Tab. 3. Parameters of loading programs 

 

Course of loading Parameters"

 ! 

! a
c 

t
 

!ac1=0,25%  

!ac2=0,3% 

!ac3=0, 35% 

!ac4=0,5% 

!ac5=0,6% 

"f=0,2 Hz 

 

 

Tests consisted in cyclically loading specimens until the specimens break. Procedure of measuring 

strain employed for LCF tests was the same as for static tensile test. Test temperature of 20
o
C and 

frequency of 0.2 Hz were employed. Accepted sampling frequency of force signal and strain signal 

allowed to describe loading cycles with set of 200 points. As the end criterion of the fatigue test, 

the deformation of hysteresis loop (during semi cycle of compression) is accepted. During the tests 

momentary values of loading force and strain for selected loading cycles were recorded. 

 

3. Test results and discussion  

 Recorded momentary values of the loading force and strain for loading cycles allowed to plot 

the hysteresis loop in stress   - strain ! coordinate system. Stresses in the specimen under tensile 

loading were calculated by dividing momentary value of loading force by cross-sectional area 

before the specimen was loaded. Exemplary hysteresis loops for the two levels of total strain 

(!ac=0,25 % and !ac=0,6%) obtained for the two levels of temperature (T=20'C and T=600'C) 

were shown in Fig 2 and 3. 
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Fig. 2. Hysteresis loops for the level of total strain of !ac=0,25%: a) T=20 ºC, b) T=600 ºC 

 

 

 

Fig. 3. Hysteresis loops for the level of total strain of !ac=0,6%: a) T=20 ºC, b) T=600 ºC 

 

On the basis of analysis of hysteresis loop shape it can be stated that tested material cyclically 

softens. With increasing of the number of cycles the range of stress decreases #  and the range  

of plastic strain #!ap increases. The above changes were observed at room temperature and at 

elevated temperatures. In order to illustrate the changes of the mentioned parameters there were 

shown exemplary courses of changes of the range of stress # "in the function of number of 

loading cycles obtained for the two temperatures (Fig. 4). 
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Fig. 4. Changes of stress # "in the function of loading cycles: a) T=20ºC,  b) T=600ºC 

 

On the basis of the performed curves it can be stated that during LCF tests there was lack of the 

stabilization period. In the courses of #  three distinctive stages can be drawn with various 

intensity of softening. These stages were widely described in the work [10, 11]. 

Values of the range of stress #  from different period of fatigue life were employed to calculate 

the damage parameter D * Due to lack of the stabilization period, the value of # + determined in 

equation (2) was assumed from the first loading cycle. 

Exemplary results of changes of the damage parameters D  in the function of cycles obtained for 

the five levels of total strain at temperature of 20 and 600 ºC were shown in Fig. 5. 
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    Fig. 5. Changes of damage parameter D "in the function of number of cycles: a) T=20ºC,  b) T=600ºC 
 

After comparative analysis of curves of damage parameter D  it can be stated that their course 

depends on the level of total strain. On the diagrams of this parameter three characteristic stages 

can be distinguished. The stage of quick growth of the damage parameter (stage A), steady growth 

(stage B) and once again quick growth (stage C). These stages occurred for all levels of total 

strain. The largest rate of growth of D  occurred in the stage A. The rate of growth of D  in this 

stage is influenced by the level of total strain !ac and temperature of the tests. In order to evaluate 

the influence of the temperature on the changes of the D  parameter in Fig. 6 there was shown 



 

exemplary courses of this parameter for the three levels of total strain and three temperatures (20, 

400, 600 'C). 
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Fig. 6. Influence of the temperature on the damage parameter D ": a) !ac=0,25%, b) !ac=0,35%, c) !ac=0,6% 
 

According to the diagrams in Fig 5 and 6 it can be stated that the value of the D   parameter at the 

moment when damage of specimen occurs is not constant. The value is influenced by the level of 

total strain and temperature of the tests. In Fig. 7. there were presented diagrams which illustrate 

the influence of the level of total strain and temperature on the critical value of the damage 

parameter D . 
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Fig.7. Influence of total strain and temperature on critical value of damage parameter D   
 

On the basis of performed curves it can be stated that the critical value of the damage parameter 

decreases with the increase of total strain !ac. Decrease in the damage parameter with the increase 

of the total strain is not large and equals from 11% for the temperature of T=20'C to about 14% at 

the temperature of T=600'C. The temperature of tests is very important. The lowest values of the 

D  parameter occurs at the room temperature (T=20'C). The highest values occurs at the 

temperature of T=600'C. The critical value of the D  at the temperature of T=600'C is almost 2 

times higher than its values at the temperature of T=20'C. 

 

 

4. Conclusions 

Tested material softens during LCF with no significant stabilization period. Lack of this period 

makes difficult an analysis of the D  damage parameter during LCF test as its value covers the 

changes of properties caused by the softening of material and also course of the damage. In order 



 

to formulate applicable conclusions it is necessary to perform tests with using another parameters 

of hysteresis loop which would be insensitive on changes of cyclic properties e.g. plastic strain 

energy #Wpl. It was shown in the work [10, 11]. 

 The course of D  damage parameter is influenced by the level of total strain and temperature of 

test.  On the basis of analysis  of diagrams with damage parameter in the function of loading cycles 

three characteristic stages can be determined with various rate of growth of the damage parameter. 

Critical value of this parameter when the material breaks is not a constant value and it depends on 

the test temperature and slightly on the level of total strain. 

 Minor influence of the level of total strain on the critical value of the damage parameter 

confirms the reports in the literature, where this parameter is considered to be in use in scientific 

research or in engineering to control the level of damage of technical object. A drawback of the 

method of measuring the level of damage is a destructive character of the tests which hast to be 

performed in order to obtain the information about momentary values of the damage parameter. 

References  

 

[1]    Chakraborti, P.C.; Mitra, M.K., Room temperature low cycle fatigue behaviour of two high 

strength lamellar duplex ferrite–martensite (DFM) steels. International Journal of Fatigue, 

Volume: 27, Issue: 5, 2005, pp. 511-518. 

[2]     Colins J.A., Failure of Materials In Mechanical Design. Analysis, Prediction, Prevention.   

  John Wiley & Sons, New York 1993. 

[3] Fatemi A., Yang L., Cumulative Fatigue Damage and Life Prediction Theories: A           

Survey of the State of the Art for Homogeneous Materials. International Journal of Fatigue  

         20(1), 1998, pp. 9-34,  

[4] Lemaitre J., A Course on Damage Mechanics, Springer Verlag, 1996. 

[5] Kukla D., Dietrich L., Ciesielski M., Ocena stopnia uszkodzenia eksploatacyjnego materia u 

ruroci!gu parowego na podstawie analizy zmian w a"ciwo"ci zm#czeniowych i          
mikrostruktury. VI Mi"dzynarodowe Sympozjum Mechaniki Materia ów i Konstrukcji, 

Augustów, 2011. 

[6] Socha G., Prediction of the fatigue life on the basis of damage progress rate curves. 

International Journal of Fatigue. Vol. 26, No 4. 2004, pp. 339-347.   

[7] Kurzyd owski J., Spychalski W. oraz inni., Research on possibilities of application of non-  

         destructive testing in degradation evaluation of materials used in infrastructure working    
         under the influence of aggressive hydrogen environment. 3rd International Conference on  

         Environmental degradation of Engineering Materials. Gda#sk Jastrz"bia Góra, 2007. 

[8] Cheng Y. S, Huang Y., Measurement of Continuous Damage Parameter, Engineering 

Fracture Mechanics, Vol 31(6), 1988, pp. 985-992,  

[9] Piechnik S., Pachla H., Law of Continuous damage Parameter for Non-Ageing Materials, 

Engineering Fracture Mechanics, Vol. 12, 1979, pp. 199-209. 

[10] Mrozi#ski S., Skocki R., Wra$liwo"% parametrów p#tli histerezy na zmiany w a"ciwo"ci 

cyklicznych. XXIV Sympozjum Zm"czenia i Mechaniki P"kania, Bydgoszcz –Pieczyska 

2012, pp. 105-106. 

[11] Mrozi#ski S., Stabilizacja w asno"ci cyklicznych metali i jej wp yw na trwa o"% 

zm#czeniow!. Wydawnictwo Uczelniane Uniwersytetu Technologiczno-Przyrodniczego, 

Rozprawy Nr 128, Bydgoszcz, 2008.  

[12] PN-84/H-04334 Badania niskocyklowego zm"czenia metali. 

 
 

The paper was financed from MNiSW funds for the education in 2011-2013 years as a research project no. 

1215/B/T02/2011/40. 



 

 


