
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: dalimuou@yahoo.com; 
 
 
 

British Journal of Applied Science & Technology 
12(3): 1-15, 2016, Article no.BJAST.20658 

ISSN: 2231-0843, NLM ID: 101664541 
 

SCIENCEDOMAIN international 
             www.sciencedomain.org 

 

 

Characterization of Low-cycle Fatigue Parameters 
   

S. M. Humayun Kabir1* and Tae-In Yeo2 
 

1Department of Mechanical Engineering, Chittagong University of Engineering and Technology, 
Chittagong-4349, Bangladesh. 

2School of Mechanical and Automotive Engineering, University of Ulsan, P.O.Box 18 Ulsan 680-749, 
Republic of Korea. 

 
Authors’ contributions  

 
This work was carried out in collaboration between both authors. Authors SMHK and TIY designed 

the research plan. Author SMHK performed the analysis of fatigue data and contributed to the writing 
of the manuscript. Both authors read and approved the final manuscript. 

 
Article Information 

 
DOI: 10.9734/BJAST/2016/20658 

Editor(s): 
(1) Elena Lanchares Sancho, Department of Mechanical Engineering, University of Zaragoza, Zaragoza,  

Spain. 
Reviewers: 

(1) Mohamed Afifi, MTI University, Egypt. 
(2) M. C. Somasekhara Reddy, Jawaharlal Nehru Technological University, Anantapur, India. 

Complete Peer review History: http://sciencedomain.org/review-history/11620 
 
 
 

Received 2 nd August 2015  
Accepted 31 st August 2015 

Published 29 th September 2015  
 

 
ABSTRACT 
 
Aims: To characterize the fatigue parameters of some stainless steels at a wide range of 
temperatures, and also to evaluate the influence of temperature on their mechanical properties. 
Methodology: Two ferritic stainless steels and one austenitic stainless steel were tested. Tensile 
tests under Isothermal condition are performed at room temperature and at elevated temperatures 
with the interval of 100ºC. Isothermal total strain-controlled fully-reversed low-cycle fatigue tests are 
performed at different total strain amplitudes ranging from 0.3% to 0.7% at different temperatures 
with a constant strain rate of 2×10-3 /s. The effect of temperature on elastic modulus, 0.2% yield 
strength, and ultimate tensile strength is demonstrated graphically. And, variation of reversals to 
failure with total strain amplitudes and temperatures are analyzed. Materials' constants concerning 
tensile and low-cycle fatigue behavior are calculated. A fatigue parameter under anisothermal 
condition is also assessed.  
Results: The austenitic steel shows higher strength under monotonic tensile loading and lower 
fatigue strength under total strain-controlled fully-reversed low-cycle fatigue tests compare to others. 
Material strength decreases with increasing temperature. For a given total strain amplitude at low-
cycle fatigue condition, when the temperature increases from room temperature to moderate 
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elevated temperatures, fatigue lives are higher compared to that of room temperature, and then 
fatigue life decreases with the further increased temperature. And, fatigue life is reduced 
significantly with the increasing strain amplitude for all materials considered. The fatigue parameter 
under anisothermal condition is found realistic from the viewpoint of safety in design. 
Conclusion: Fatigue properties of materials are essential in the design and practice of mechanical 
structures and components subjected to cyclic loading at wide range of operating temperatures. 
This research contains useful monotonic and fatigue parameters which would be advantageous for 
the application in design and practice. 
 

 
Keywords: Stainless steel; strain-controlled low-cycle fatigue; mechanical properties; fatigue 

parameters. 
 
NOMENCLATURES 
 

/ 2tε∆   :  Total strain amplitude 

( )W T  :  Temperature-dependent 
tensile toughness 

( )E T    : Temperature-dependent 
modulus of elasticity 

2 fN   :  Reversals to failure 

, , ,n nM n M n  :  Material constants 

 
1. INTRODUCTION 
 
Testing and analysis are both key parts of fatigue 
design. Fatigue tests are carried out to meet a 
set of objectives, for example; obtaining 
information on the cyclic response of engineering 
components, obtaining information regarding the 
behavior of a component under service loadings, 
and so on [1]. To understand the fatigue behavior 
of engineering materials completely and to 
perform structural integrity, several monotonic 
and cyclic material properties are needed. 
Realization of fatigue behavior and material 
properties derived from fatigue testing can 
prevent catastrophic failure of engineering 
structures. But, the uses of fatigue models into 
design and structural integrity assessment of 
engineering components encounter the 
difficulties to find references about the material 
properties obtained by experimental data. 
Therefore, characterization of fatigue mechanism 
and unveiling the fatigue parameters obtained 
from strain-controlled low-cycle fatigue tests are 
important steps regarding fatigue life studies. 
Based on the aforementioned fact, monotonic 
and strain-controlled low-cycle fatigue tests 
results of some selected ferritic and austenitic 
stainless steels are used as the basis of this 
study. These steels are developed for the use in 
exhaust manifold system of automobiles. 

For the improvement of the efficiency of 
automobile engines and to reduce their weight, 
the use of conventional stainless steel sheets 
and pipes for exhaust manifolds has been 
increased to replace cast iron, the traditional 
material for this application [2]. Even though 
austenitic stainless steel has better strength at 
elevated temperatures than ferritic stainless 
steel, use of ferritic stainless steel has also been 
increased now-a-days in many high temperature 
structures due to its excellent corrosion 
resistance, moderate thermal fatigue resistance, 
and low prices [3]. Therefore,  both ferritic and 
austenitic stainless steel have been used in this 
study to analyze the cyclic behaviors under 
isothermal condition at elevated  temperature  
along with room temperature which are essential 
elements of reliability assessment of such 
structural elements. Three stainless steels, two 
400-series ferritic stainless steels and one 300-
series austenitic stainless steel, have been 
subjected to tensile and low-cycle fatigue tests. 
 
The paper is organized as follows. Section 2 
describes materials and experimental procedure. 
Section 3 illustrates tensile properties of 
materials in brief. Section 4 describes isothermal 
low cycle fatigue results under symmetric cyclic 
straining. Section 5 characterizes fatigue 
parameter under anisothermal condition. And 
finally the closing remarks are presented in 
section 6. 
 
2. MATERIALS AND EXPERIMENTAL 

PROCEDURE 
 
Nominal chemical compositions of as-received 
materials are shown in Table 1. SS300-A is a 
chromium-nickel austenitic stainless steel with a 
moderate carbon content which can be able to 
suppress the formation of chromium carbides 
during service exposure. And the ferritic stainless 
steels, designated here as SS400-B and SS400-
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C, adopted in this study contains lower 
chromium-nickel and carbon than the austenitic 
steel. 
 

The materials were rolled from the plate of 80 
mm thickness to the plate of 20 mm, and then 
machined to a cylindrical bar for making 
specimens according to the relevant standards to 
perform the tensile and low-cycle fatigue tests. 
The specimens used in this study are fabricated 
with the required surface preparation in 
accordance with ASTM Standard E606-92 [4]. 
The shapes and dimensions of polished 
specimens used in tensile and low cycle fatigue 
test under strain-controlled condition are shown 
in Fig. 1. A closed-loop servo-hydraulic test 
system with 10-ton capacity manufactured by 
MTS Systems Corporation is used to conduct 
tensile and low-cycle fatigue tests. A high 
temperature extensometer is used during high-
temperature testing which has a gage length of 
12 mm, and can measure up to 20% strain. To 
create a high-temperature environment, the 
specimen is heated using induction heating 
method where the measurement and control of 

temperature is accomplished by thermocouples. 
Thermocouple is spot-welded on the middle of 
specimen to measure the temperature 
accurately. The experimental procedure at high-
temperature consists of heating the specimen 
from room temperature to the testing 
temperature and holding at this temperature for 
30 minutes before starting the test.  
 
Tensile tests are performed at room temperature 
(RT) and at elevated temperatures with the 
interval of 100ºC. The tensile tests are carried 
out at a constant cross-head speed of 4.80 
mm/min. In high temperature test, the signal from 
linear variable differential transducer (LVDT) is 
used to control the cross-head speed, while 
extensometer is used to measure the strain of 
the specimen. The specimen temperature is 
made as uniform as possible by locating the 
induction coil on optimal locations with optimal 
number of turns which is found by several pre-
experiments. In this measurement, the cross-
head speed of 4.80 mm/min corresponds to 
apparent strain rate of 2×10-3/s.  

 
Table 1. Chemical composition of stainless steels (wt%) 

 
Materials C Si P S Cr Mn Mo Nb Ni 
SS400-B 0.015 1.00 0.04 0.03 15.00 1.00 1.65 0.5 - 
SS400-C 0.025 1.00 0.04 0.03 17.00 1.00 1.12 - - 
SS300-A 0.030 1.00 0.045 0.03 19.00 2.00 - - 11.00 

 

 
                

(a) 
 

 
               

(b) 
 

Fig. 1. Testing specimens (a) tensile and (b) Low-cycle fatigue specimen  
(dimensions are in mm) 
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Isothermal low-cycle fatigue tests are carried out 
under fully-reversed total strain control applying a 
triangular waveform with a constant strain rate of 
2×10-3/s. The low-cycle fatigue test are 
performed at different total strain amplitude 
ranging from / 2ε∆ = 0.3% to / 2ε∆  = 0.7% at 
different temperatures. A 10% drop in the 
maximum load is defined as fatigue life. The 
displacement, load and strain signals are 
measured at each cycle. 
 
3. TENSILE TEST RESULTS 
 
Tensile tests were carried out at room 
temperature and at different elevated 
temperatures under isothermal conditions. Figs. 
2-4 demonstrate the tensile curves for different 
materials adopted in this study which indicate 
that tensile stresses under monotonic conditions 
decrease as temperature increases for all the 
materials considered. It is to be mentioned that 
Figs. 2-4 are generated smoothly for cleanliness 
where serrated flow are not visible, but the 
serrations occur during tensile tests for each 
material. The effect of temperature on elastic 
modulus, 0.2% yield strength, and ultimate 
tensile strength is shown in Figs. 5-7. The results 
show that there seems to be no significant effect 
of temperature on elastic modulus up to the 
temperature 300ºC and thereafter elastic 
modulus decreases with increasing temperature 

for the ferritic stainless steels, whereas in case of 
austenitic steel elastic modulus varies in random 
manner as temperature increases. Figs. 5-7 
show that the austenitic stainless steel shows 
higher strength than the ferritic stainless steels 
considered at all temperatures. When the 
influence of temperature on material strengths, 
yield strength and ultimate tensile strength, are 
examined, material strength decreases with 
increasing temperature. There exists a 
temperature region of 200ºC - 500ºC in general 
for testing stainless steels considered where the 
strengths are retarded or slightly decreased 
compared with other temperature regime. This 
phenomenon can be attributed to the dynamic 
strain ageing [5]. This anomalous dependence of 
tensile properties in the dynamic strain ageing 
regime has also been observed in other classes 
of steel in recent studies [6,7]. The occurrence of 
dynamic strain ageing during plastic deformation 
is an important phenomenon in metallic materials 
[5,8-10]. The underlying physical mechanisms 
have been the object of many academic studies 
[11,12]. Dynamic strain ageing which is attributed 
to the interaction of solute atoms with moving 
dislocations, is generally observed when the 
deformation temperature is high enough to 
permit short range diffusion of solute atoms to 
dislocation cores. However, complete evidences 
of dynamic strain ageing of SS400-B can be 
found elsewhere [12].  

 

 
 

Fig. 2. Tensile curves of SS400-B at various temperatures 
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Fig. 3. Tensile curves of SS400-C at various temperatures 
 

 
 

Fig. 4. Tensile curves of SS300-A at various temperatures 
 

4. ISOTHERMAL LOW CYCLE FATIGUE 
RESULTS UNDER SYMMETRIC 
CYCLIC STRAINING 

 
During services as many automotive engine 
components, for example exhaust manifold 
systems, are exposed to high temperature, low 
cycle fatigue data for describing material inelastic 
responses under high temperature cyclic loading 
conditions are necessary. The total strain-
controlled fully-reversed cyclic tests were 
conducted at several temperature levels ranging 
from room temperature to 800ºC. These 

temperatures would cover the whole temperature 
range which may come into questions 
concerning the temperature variation 
experienced by exhaust manifold operation. The 
tests were performed at different constant strain 
amplitude, namely, 0.3%, 0.4%, 0.5%, 0.6% and 
0.7%. However, in case of SS400-B, barreling 
phenomenon is observed above 700ºC in the 
test which can be ascribed to several constraints 
including the positional variation or gradient in 
the cyclic stress-strain field caused by geometry, 
temperature, or material variations during low 
cycle fatigue test. The strain amplitudes and 
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stress amplitudes are determined at stabilized 
loop of each specimen. Figs. 8-10 show the 
variation of total strain amplitudes with the 
number of reversals to failure for the stainless 
steels at various temperatures. In Figs. 8-10, the 
lines represent the best-fit curves of linear 
relationship in a double logarithmic plot for the 
data set at different temperatures. 
 
From total strain amplitude - reversals to failure 
curves of Figs. 8-10, it can be seen that SS400-C 
exhibit more scatter data than that of SS400-B 
and SS300-A. And SS300-A clearly has inferior 
strength in the low cycle fatigue regime. It is also 
seen that fatigue life is reduced significantly with 

the increasing strain amplitude. For a given 
moderate total strain amplitude, in case of 
SS400-B, when the temperature increases from 
room temperature to 200ºC and 300ºC, fatigue 
lives are higher, and then fatigue life decreases 
with the further increased temperature above 
300ºC compared to that of room temperature. 
But for all strain amplitude, in case of the 
austenitic steel SS300-A, the total strain 
amplitude-life endures for longer up to the 
temperature level of 400ºC as the temperature is 
elevated, whereas fatigue life decreases notably 
when temperature increases further above 400ºC. 
In case of SS400-C, the effect of temperature on 
life is somewhat complex. 

 

 
 

Fig. 5. Temperature dependent mechanical properties (Elastic Modulus) 
 

 
 

Fig. 6. Temperature dependent mechanical properties (Yield Strength) 
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Fig. 7. Temperature dependent mechanical properties (Ultimate Tensile Stress) 
 

 
 

Fig. 8. Low-cycle fatigue lives of SS400-B at different temperatures 
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cyclic softening (Fig. 11) at all elevated 
temperatures as opposed to the pronounced 
hardening of SS400-B (Fig. 12). And SS300-A 
shows no remarkable differences in life for the 
temperature range of 200ºC – 400ºC (Fig. 10). 
Fig. 11 depicts that cyclic softening behavior is 
observed throughout the whole life time. The 
cyclic softening continues to the macro-crack 
initiation point which results steep decrease of 
peak stress. The higher the total strain amplitude, 

the lower the fatigue strength. Cyclic softening 
was also experimentally observed for the 
austenite steel of the type 316L [21]. For the 
present material, it is shown that, during cyclic 
softening, the decrease of the stress amplitude 
with the logarithm of loading cycles is close to 
linear most of the case, i.e. the softening rate 
decreases with the inverse of the number of 
loading cycles.  

 

 
 

Fig. 9. Low-cycle fatigue lives of SS400-C at different temperatures 
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However, the fatigue life curve can be 
represented by the following Eq. (1) of total strain 
amplitude- reversal to failure, 
 

(2 )
2

nt
fM N

ε∆
=                         (1) 

 
The double logarithmic plots of total strain 
amplitude ( / 2tε∆ ) and reversals to failure ( 2 fN ) 

provide reasonable linear relationship for each 
temperature. The corresponding material 
constants M and n are listed in Table 2. It is 
worthy to note that the low-cycle fatigue 
properties for obtaining cyclic stress-strain 
curves of the materials at room temperature can 
be found elsewhere [12,22]. 

 

 
 

Fig. 11. Typical influence of temperatures on evolution of peak stress of SS300-A 
 

 
 

Fig. 12. Typical influence of temperatures on evolution of peak stress of SS400-B 
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(a) 

 

 
(b) 

 
(c) 

 

Fig. 13. Correlation between damage parameter ( )/ 2 / ( )t E Tε∆ and reversals to failure for (a) 

SS400-B, (b) SS400-C, and (c) SS300-A 
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(a) 
 

 
(b) 

 

 
(c) 

 
Fig. 14. Correlation between damage parameter ( )/ 2 / ( )t W Tε∆ and reversals to failure for 

 (a) SS400-B, (b) SS400-C, and (c) SS300-A 
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5. THERMO-MECHANICAL FATIGUE 
PARAMETERS 

 
Stainless steels considered in this research have 
been analyzed at a wide range of temperatures 
under isothermal condition. Life prediction 
models for isothermal condition have been 
modified to predict life under anisothermal 
condition by introducing suitable factors to 
compensate the influence of temperature on 
fatigue life by various researchers [8,23-25]. It is 
because; thermal fatigue test facilities are 
complicated and time-consuming. Moreover, 
complex models with high number of parameters 
need difficult identification procedure and many 
fatigue tests. From the point of view for a fast 
practical industrial application, empirical 
formulation with the following features is 
preferred [25]; moderate number of parameters, 
parameters are readily obtainable from simple 
monotonic and cyclic test, and good life 
prediction capability. Inspiring from above 
mentioned facts, Eq. (1) is modified in the 
following manner to reflect temperature effect on 
fatigue life, 
 

( )/ 2 / ( ) (2 ) nn
t n fX T M Nε∆ =            (2) 

 
where, X(T) is a temperature dependent material 
property which is incorporated in the damage 
parameter of Eq. (1) to compensate the influence 

of temperature on fatigue life. nM and nn are 

material constants. The objective of each of 

procedure of fatigue life prediction is to collapse 
all fatigue data (at whole range of temperature) 
onto/around a single curve. The fatigue lives are 
plotted against the modified damage parameter 
( )/ 2 / ( )t X Tε∆ using Eq. (2) in Figs. 13-14 for 

whole range of temperatures. Temperature 
dependent material property ( )X T is modulus of 
elasticity E(T) and tensile toughness W(T) in 
Figs. 13 and 14 respectively. Results shows that 
fatigue life data at different temperatures are 
fairly collapsed onto/around a single line except 
Fig. 14(c). The solid line is a least square fitting 

curve and material constants nM and nn are 

extracted from regression analysis which are 
provided in Tables 3-4. The performance of 
fatigue parameter ( )/ 2 / ( )t W Tε∆  appears to 

poor with most of data points disperse from the 
solid line (Fig. 14). Fig. 13 depicts that the scatter 
band is of ±1.5 and the damage parameter 
( )/ 2 / ( )t E Tε∆ offered by Eq. (2) is found to yield 

good correlation for all materials considered.  
 

For the evaluation of fatigue damage parameter

( )/ 2 / ( )t E Tε∆ , reversals to failure are predicted 

using material constants of Table 3. The 
predicted reversals to failure are compared with 
experimental reversals to failure through        
Figs. 15(a)-(c) in which diagonal line represents 
the perfect correlation line. In general, 
reasonably good correlations are observed 
between predicted and experimental lives for 
materials considered. 

 

Table 2. Material constants under strain-controlled Low-cycle fatigue tests 
 

Temp     SS400-B       SS400-C      SS300-A 
M n M n M n 

RT 0.1275 -0.3824 0.0324 -0.2451 0.1258 -0.4608 
200ºC 1.4236 -0.6347 0.4389 -0.5630 0.0756 -0.3691 
300ºC 0.4843 -0.5256 0.5112 -0.5900 0.1042 -0.4166 
400ºC 1.5625 -0.6900 - - 0.1307 -0.4483 
500ºC 0.5272 -0.5658 0.1110 -0.4108 0.0797 -0.4064 
600ºC 0.5138 -0.5857 0.0861 -0.3988 0.4427 -0.7017 

 

Table 3. Normalized material constants when X = E(T) 
 
        SS400-B        SS400-C        SS300-A 
Mn nn Mn nn Mn nn 
1.2123E-09 -4.5041E-01 3.2503E-10 -3.2459E-01 1.8741E-10 -3.4357E-01 

 

Table 4. Normalized material constants when X = W(T) 
 

      SS400-B     SS400-C            SS300-A 
Mn nn Mn nn Mn nn 
1.6665E-06 -4.4449E-01 4.0000E-07 -3.0689E-01 1.5000E-04 -9.5022E-01 
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(a) 

 

 
(b) 

 

 
(c) 

 
Fig. 15. Comparison of calculated and experimental reversals to failure using damage 

parameter ( )/ 2 / ( )t E Tε∆  for (a) SS400-B, (b) SS400-C, and (c) SS300-A 
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6. CONCLUSION 
 
Three stainless steels, two ferritic stainless steels 
and one austenitic stainless steel, are studied 
under tensile monotonic and strain-controlled 
low-cycle fatigue tests at a wide range of 
temperatures. The obtained results are as 
following: 
 

a) The austenitic steel shows higher strength 
under monotonic tensile loading compare 
to others for the whole range of 
temperatures tested. 

b) The austenitic steel shows lower fatigue 
strength compare to others.  

c) Softening rate decreases with the inverse 
of the number of loading cycles for the 
austenitic stainless steel considered. 

d) Tests results have shown a strong 
influence of temperature and strain 
amplitude on monotonic responses as well 
as on low cycle fatigue responses. 

e) The log-log plots of total strain amplitudes 
and reversals to failure provide reasonable 
linear relationship for each temperature. 

f) Constants associated with damage 
parameter discussed under anisothermal 
condition are readily obtainable from 
simple monotonic and cyclic test. 

g) Fatigue properties of materials are 
essential in the design and practice of 
mechanical structures and components 
subjected to cyclic loading at wide range of 
operating temperatures. Therefore, this 
research would be advantageous to find 
monotonic and fatigue parameters for the 
application in design and practice.  
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