
     R. Ulewicz  et al: Fatigue testing structural steel as a factor of safety of technical facilities maintenance 32  

FATIGUE TESTING STRUCTURAL STEEL 
AS A FACTOR OF SAFETY OF TECHNICAL 
FACILITIES MAINTENANCE 
 
Robert Ulewicz1, Magdalena Mazur 1* 
 

1 Institute of Production Engineering, Faculty of Management, Częstochowa University of Technology, 
Al. Armii Krajowej 19B, 42-201 Czestochowa, Poland 

* corresponding author: Tel.: +48 34 32 50 399, e-mail: mazur.m@zim.pcz.pl 
 

 

Resume 
Guarantee of quality and safety exploitation of machines and equipment 
is a significant factor in the design and manufacture of these compo-
nents. This paper presents an analysis of fatigue test results of samples in 
the bending load on the rotation in the range from 104 to 107 ,the number 
of cycles of applied load, with a frequency of 40 Hz. Whöler curve 
shows the results of the fatigue properties of steel S355J2 which is used 
in the construction of vehicles. There was also carried out 
a fractographic analysis. 
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1. Introduction 
The Concept of fatigue can be defined as 

a process of structural changes of the material 
and its features, which is induced by vibration or 
cyclic weight bearing. Material fatigue is 
a process of continuous accumulation of damage 
formed in a sufficiently long time. This process 
is caused by variables of mechanical stress 
which cause the nucleation and spreading 
(propagation) of cracks, revealed in the end as 
destruction of the material (WYRZYKOWSKI 
J.W., et al. 1999). 

The information about the fatigue strength 
of the material becomes essential for solving the 
general problem of improving the reliability and 
durability of modern machines and 
constructions. The dynamic development 
of technology makes it necessary to carry out 
research aimed at increasing the length 
of exploitation cycle and reliability of modern 
technical objects (VĚCHET, et al. 2001). The 
analysis of causes for damage to machine 
components and constructions shows that most 
of over 80% of all cases are due to the fatigue 
cracking. Manufacturers are interested in 
optimizing operational costs and the increase of  
production. Therefore, manufacturers pay 

attention to getting the greatest durability 
of produced objects. This is obtained by looking 
for new construction solutions of their products 
and by the application of appropriate materials 
(materials with appropriate properties). 

 
2. Results of the fatigue tests 

The main characteristics of fatigue are ob-
tained after the formation of the fatigue curve, 
which is a graphical representation of the rela-
tionship between the level of stress σ (or strain 
ε) and the fatigue life N in tests performed in the 
same conditions (number of cycles, type 
of samples). 

Fatigue characteristics (dependence σ = f 
(N)) of steel have been determined at low testing 
frequency. Schematic presentation of the test 
device along with the course of bending moment 
and loading distribution on the section is provid-
ed in Figure 1 (MIKOVÁ K., et al., 2012, 
BOKŮVKA O., et.al., 2002). Stress ratio of the 
loading cycle in such tests is always R = -1. 

To determine the fatigue strength of the 
material 12 specimens of S355J2 steel under-
went a low cycle fatigue test. The results ob-
tained in this way were the basis to build the S-
N curve.   
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Fig. 1. Rotoflex - equipment testing bending strength 

in the rotation mode 

The fatigue tests were performed with the use 
of the Rotoflex machine realizing load in bend-
ing in the rotation mode. During the load cycle 
the stress ratio was R = -1, with loading fre-
quency 40 Hz and temperature 20ºC ± 3ºC. Dur-
ing the test the work-
ing part of the speci-
mens was cooled by 
means of fans (ULE-
WICZ R. et.al. 2012). 

The test results 
formed a dependency 
curve between the 
amplitude of applied 
load and the number 
of cycles to the 
specimen crack σa = 
f(Nf) (Figure 2). The 
tested material shows 
a distinct fatigue limit 
of σC = 290 MPa for 
the loading cycles 106 
< N < 107. 

In order to learn about the nature of the 
fatigue process of the tested materials 

fractographic analysis for fatigue fractures has 
been performed (ZEMANDL M. 2006). The tests 
were performed with a scanning electron 
microscope (SEM) Tescan II.  

The testing specimen of S355J2 steel was 
destroyed at cycles number being N=2.7*105 

and imposed to load σa = 393 MPa. Figure 3 
presenting the fracture surface of the specimen 
is characterised by the fact that it has two fatigue 
facture initiation places from which fatigue 
cracks spread.  

One can clearly see the main crack and an 
extra one, a short crack. Fatigue cracks were 
initiated on the surface of the tested specimen 
(Figure 4).  Fatigue fracture surface is presented 
in Figures 5 and 6.  

 

 

  
 

Fig. 3. Overview of the fracture 
surface 

Fig. 4. The initiation place of fatigue 
fracture 

Fig. 5. Secondary cracks 
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Fig. 2. Diagram of dependency between the load amplitude and the number 
of cycles of the tested steel 
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Fig. 6. Striations on the fatigue 

fracture surface 
Fig. 7. Final overload fracture sur-

face 
Fig. 8. Transcrystalline ductile frac-

ture  of  ferrite  with dimple mor-
phology 

The area has a nature of transcrystalline 
fatigue fracture with clear secondary cracks, 
arranged in accordance with rolling direction 
of the test material. In the area there are also 
characteristic striations (Fig. 6). The final over-
load fracture surface is characterised with 
a combination of transcrystalline ductile fracture 
with dimple morphology and transcrystalline 
quasicleavage fracture (Fig. 8). The area shows 
very clear combination of the fracture structure 
with the microstructure of the material (Fig. 7). 
Pearlite clearly arranged in lines is, after the 
rolling process, characterised with quasicleavage 
between which there is ferrite with plastic fac-
ture structure and clear dimples morphology. 

 
3. Conclusions 

The results of the fatigue tests of S355J2 
steel are presented in this paper. The results 
show that S355J2 steel has a clear fatigue limit 
at the level of 290 MPa. Understanding the 
mechanism of formation fatigue cracks is an 
important element in safety assurance during the 
operation of the structure. To ensure safety of 
the material there was made a fractographic 
analysis.The fractographic analysis proved that 
the initiation of fatigue cracks was present on 
the surface of the test specimens, which was also 
influenced by their loading. This results from 
the fact that, while loading, bending in rotation 
is most intense on the surface of the tested 
specimen and when the distance from the 
surface to the specimen’s centre increases, its 
value decreases. The characteristics of the 
ductile fracture of the fatigue area are closely 
related to the structure of the material. The 
results of the fractographic tests proved absence 

of factors that could have an impact on the 
decreased strength of the materials and the 
existing inclusions were not a direct cause of the 
initiated fatigue crack. 
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