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In this research, several samples of thick sheet metal from the fracture area and its surroundings
related to a crane have been examined and studied in order to investigate the causes of destruction
in this research. The studied sample is related to a German-made rail crane that was built in 1974.
In order to investigate the causes of destruction, first the fracture surface and the external surface
of the sample were studied by a stereo microscope. Then, the chemical analysis of the sample was
determined by the emission spectroscopy method. In order to investigate the microstructure,
metallographic samples were prepared from a cross section and studied by an optical microscope.
To determine the mechanical properties, hardness and tensile tests were performed at ambient
temperature. To complete the studies, the fracture surface was examined by scanning electron
microscope. Based on the studies conducted and the results obtained from the experiments, the
main cause of failure is fatigue corrosion. Relatively deep corrosion pits on the surface along with
surface cracks in the uncovered areas indicate the occurrence of corrosion, which has led to failure
by considering the service time, the presence of working stresses (mainly cyclical) and overload
conditions at certain times.

Extended Abstract

1. Introduction

robabilistic methods to evaluate the reliability of structures have attracted a lot of attention in the past
decades. But in the field of engineering, since the mid-80s, most of the researches have been directed
towards its application in marine structures and bridges under random loads. The development of
laboratory methods has led to the improvement of the results related to the measurement of crack growth under
laboratory conditions, and the development of technology has helped to measure cracks in the real structure. At
the same time, the advances in numerical tests, especially the efforts related to the reliability of structures for
cumulative damage problems under time-varying loads, have made it possible to determine the fatigue assessment
in the form of reliability [1-5].
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In the following years, this method was used by the designers of marine structures in order to estimate the
remaining fatigue life and also to determine the schedule for periodic visits [6]. In the last decade, there has been
a significant interest in adapting and applying these methods to steel bridges, thus focusing on girders and sheet-
girder structures under traffic loads [7]. The nature of live load in bridges is significantly different from wave
loading in marine structures, and this difference has led to revisions in the formulation of reliability problems,
along with these developments, improved fatigue and failure assessment methods for various structures such as
nuclear power plants [8] and ships [9] were presented. Another factor that caused interest in the topic of fatigue
design and its evaluation was due to the writing of a new generation of regulations at the national and international
level, for example, a copy of the European regulations for fatigue design was prepared [10] and at the same time
other documents were also prepared in order to replace The fracture mechanics evaluation methods were updated
[11]. Both among the regulatory bodies and among the owners and executives, the need to introduce probabilistic
methods for predicting the fatigue life was felt. In this context, the significant efforts of the joint committee of
safety devices in the development of the probabilistic model regulations [12] should be mentioned.

A failure analysis process is almost an art derived from a science; Because the analysis may be based on the
analyst's ability to detect important symptoms, this hypothesis is strengthened when two analysts provide two
different conclusions about the same incident [13], component failure may be influenced by one of the four design
factors of the manufacturing process materials and Incorrect use or a combination of any of these factors occurs,
therefore, the purpose of investigating the cause of parts failure is to identify each of the aforementioned factors
and as a result, eliminate the defects and deficiencies that have arisen. On the other hand, the severity of the impact
of these factors will vary depending on the use of the part and the type of loads applied to it. One of these factors
is caused by practically 90% of all mechanical failures. It is fatigue that occurs under an intermittent stress. The
value of this stress is so small that it is located in the elastic region in non-cyclic loading and does not cause failure.
In fact, this phenomenon is a failure process caused by the growth of cracks caused by periodic stress and can lead
to sudden failures. The failure of crankshafts is usually caused by bending fatigue, torsional fatigue or a
combination of the two. The stresses caused by cyclic bending during its rotation or the misalignment between the
main journals and the torsion caused by the transmission of power by the shaft can all cause the initiation and
growth of cracks. Some axial and torsional vibrations are also created under certain conditions and should be
considered in determining the cause of failure, although vibration has an important role in failure analysis, but it
is usually ignored. A vibration absorber can prevent damage caused by vibration [14]. Cracks caused by bending
fatigue usually start from the throat area, and special lubrication holes can change their path. The oil hole is not
the source of failure, but it is a place of stress concentration where the cracks meet. Cracks caused by torsional
fatigue in the journals and the spiral around them. They start with an angle of about 45 to the axis of the shaft [15].
Another possibility of cracking in the throat area is local carbon burning caused by grinding when reducing the
diameter of the crankshaft. Or it may be that very brittle martensite is formed in these surfaces and the cracks start
from there [16]. Other factors affecting the failure of the crankshaft are: improper radius defects, insufficient
lubrication throat, and foreign particles torn from the crankshaft [17]. When microstructural defects or inclusions
are not observed, it can be concluded that the failure is probably caused by external factors and is not due to the
existence of an intrinsic internal defect, but if internal defects are observed, it is important to address their role
[18]. A complete understanding of the effects of inclusions on crack initiation and fatigue limit has not yet been
achieved because the effect of inclusions on the fatigue properties of steel depends on various factors such as the
chemical composition, size, distribution and shape of the inclusions, the adhesion of the inclusions to the substrate
and the elastic constant of the inclusions and the substrate. Sulfide inclusions are drawn during deformation such
as rolling or forging. The destructive effects of these stretched inclusions on mechanical properties are much
greater, especially when the direction of stress is perpendicular to the stretching direction of the inclusions [19].

2. The sample

Some samples of thick metal sheets from the fracture area and its surroundings related to a crane have been
examined and studied in order to investigate the causes of destruction in this research. The studied sample is related
to a German-made rail crane that was built in 1974. Figures 1 and 2 show a picture of the studied samples and their
failure level.
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Figure 2 A view of the fracture surface of the studied sample
In order to investigate the causes of destruction, first the fracture surface and the external surface of the sample

were studied by a stereo microscope. Then, the chemical analysis of the sample was determined by the emission
spectroscopy method. In order to investigate the microstructure, metallographic samples were prepared from a
cross section and studied by an optical microscope. To determine the mechanical properties, hardness and tensile
tests were performed at ambient temperature. To complete the studies, the fracture surface was examined by
scanning electron microscope.
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