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PREFACE 
 
The International Conference on Material Handling, Constructions and Logistics – MHCL is the 24th event 
of a series that has been started just 46 years ago, in 1976 by Professor Dr. Đorđe Zrnić. Up to now the 
Conference gathered together scientists and researchers from all republics (now independent states) of 
former Yugoslavia (Serbia, Montenegro, Croatia, Slovenia, Bosnia and Herzegovina, and Republic of North 
Macedonia), as well as from Algeria, Australia, Austria, Bulgaria, China, Croatia, Cyprus, Denmark, 
Germany, Greece, Hungary, Italy, Japan, Lithuania, Montenegro, Poland, Republic of Korea, Romania, 
Russia, Slovakia, Switzerland, The Netherlands, Turkey, UK, USA and Vietnam working in the field of 
Material and Mechanical Handling, Constructions and Construction Machinery, as well as Transport 
Logistics. Since 2012 MHCL is jointly organized by the University of Belgrade (Faculty of Mechanical 
Engineering) and Vienna University of Technology (Institute of Engineering Design and Product 
Development). 
 

The aim of the Conference is to be a forum to exchange views, opinions and experience on MHCL from 
technical viewpoints in order to track the current achievements, but also to look at to future developments. 
Most of the authors of contributed papers are experts in MHCL and related topics. Also, one of the main 
goals of the Conference is to make the scientific/research exchange between similar academic Departments 
and Institutes from different countries, as well as individual researcher in the field, in order for possible 
cooperation in applying for international programs or bilateral research and scientific projects. 
 

This year the International Conference MHCL 2022 is held in Belgrade at the University of Belgrade 
(Faculty of Mechanical Engineering) from September 21st – 23rd. The Proceedings contain 34 submitted 
peer-reviewed papers by authors from 12 countries (authors’ countries are listed according to the 
alphabetical order): Austria, China, Croatia, Cyprus, Germany, Greece, Hungary, Italy, Montenegro, Poland, 
Serbia and Slovenia.  
 
The papers are grouped into five sessions A, B, C, D and E: 
 

Session A:  Hoisting and Conveying Equipment and Technologies -   3 papers 
Session B:  Construction and Mining Equipment and Technologies -  5 papers 
Session C:  Logistics and Intralogistics Systems -       10 papers 
Session D:  Constructions and Design Engineering -      5 papers 
Session E:  Maritime and Port Logistics -         8 papers 
 
Proceedings also contain 3 invited papers presented in the Plenary Session (totally 4 invited lectures have 
been presented and 2 industrial presentations), from respective professors and scientific and research leaders 
from German, Austrian and Italian Universities. The invited lectures reflect the wide spectrum of important 
topics of current interest in MHCL. These Proceedings can also be considered as a kind of handbook on 
MHCL, and can be inspiring for researchers, graduate students and engineers specializing or addressing 
attention to MHCL. We truly believe that a reader will take advantage of the papers in these Proceedings 
with further satisfaction and motivation for her or his work.  
 

We would like to express our sincere thanks to all members of the Scientific and Organizing Committee, 
Sessions chairmen and reviewers, as well as to all participants including invited speakers for coming in 
Belgrade during the COVID19 pandemic and war crisis in Ukraine to present their papers. On this occasion, 
we are particularly indebted to all people who rendered their help for the preparation of the Conference and 
publication of the Proceedings.  
 

We are grateful to the authors of the articles for their valuable contributions and for preparing their 
manuscripts and presentations in time. 
 
Belgrade, Serbia, September 2022 

 
Editors 

 
Nenad Zrnić, Georg Kartnig and Srđan Bošnjak 



 





 





 





 





 



IN MEMORIAM 

 

Professor Davor Ostrić (1932-2019) 

Professor Ostrić was born in Split and grew up in a family of pronounced Yugoslav orientation. He 
completed his studies at the University of Belgrade – Faculty of Mechanical Engineering (UBFME) 
in 1959, and acquired his first engineering experiences working at the Machine factory “Ivo Lola 
Ribar”. He started and completed his academic career at the UBFME: in 1961, he was elected 
assistant, and in 1981 he was elected full professor. He authored the monograph titled “Dynamics of 
cranes”, the first comprehensive scientific publication in the field of dynamics of load carrying 
structures and mechanisms of cranes in Yugoslavia. Additionally, he authored the university-tier 
textbook, titled “Metal constructions”, which had introduced the field of strength of load-bearing 
structures of material handling machines to the University curriculum, thus initiating the intensive 
research and development of contemporary methods of structural analysis at the Department for 
material handling, constructions and logistics at the UBFME. He has published a total of 44 scientific 
papers in domestic and international scientific journals and proceedings of renowned international 
scientific conferences. Apart from lifetime dedication to pedagogical and scientific effort, the career 
of professor Ostrić was also marked by the intensive work in structural design, most notably reflected 
on numerous designs for cranes and load-bearing structures of various machines. Thanks to his broad 
education and Mediterranean charm, he would quickly and easily establish good understanding with 
his surroundings. In youth, he was a standout player for the volleyball club “Partizan”, while his 
mature years were dedicated to music. He was the founder and, to his very last days, the spiritus 
movens of the jazz club “Mašinac“. The life of professor Ostrić, or Oskar as he was reffered to by his 
many friends and peers, a man of many talents and virtues, has left a permanent mark on our academic 
community. 



 



IN MEMORIAM 

 

Professor Klaus Hoffmann (1943-2022) 

Klaus Hoffmann was born in May 1943 and after graduating from high school in Salzburg, he 
studied mechanical engineering at the Vienna University of Technology and began his career 
as an assistant of Prof. Billich at the Institute for Materials Handling at Vienna University of 
Technology on January 1, 1968, earning his doctorate and habilitation in the following years. 
Since 1997 Dipl.-Ing. Dr Klaus Hoffmann worked as a university lecturer (Ao. Prof.) at the 
institute until he reached retirement age in 2008, but stayed until 2011 as an active employee in 
the function of a project assistant. Klaus Hoffmann was a very valuable employee in research 
and teaching. His knowledge of measurement technology was also particularly valuable for the 
research work in the laboratory. He published many journal and conference papers mainly 
related to conveying technologies. He was also active at the Austrian Standardization Institute 
- above all in the technical standards committee for conveyors. Together with two other experts 
from the conveyor technology industry, he was the author of a book on material handling and 
conveyor technology. He was also active in university politics for many years as a 
representative of the Faculty of Mechanical Engineering in the Senate of Vienna University of 
Technology. He held the position of director of the institute several times, with the institute 
changing its name several times over the course of time: 1985-86 as director of the Institute for 
General Machine Design and Materials Handling, 1999- 2006 as director of the Institute for 
Design Engineering and Materials Handling, which renamed in 2004 as the Institute for Design 
Engineering and Technical logistics. He was active member of the Scientific Committee of 
MHCL conferences and participated in the conferences since 2006, including presentations in 
the plenary session as an invited speaker. 



 



IN MEMORIAM 

 

Professor Milomir Gašić (1950-2021) 

On April 16, 2021, Prof. Dr. Milomir Gašić, academician of the Russian Federation, and the 
former chairman of the scientific board of the international scientific conference Heavy 
Machinery, suddenly passed away. Milomir Gašić was born in 1950. He graduated in 1974 at 
the Faculty of Mechanical Engineering, University of Belgrade, where he received his DrSc 
degree in 1989. After graduation he worked for five years as a chief construction engineer in 
the factory IMK ”14. Oktobar” Kruševac, and he worked for a year as a chief technology 
engineer at the Aviation Institute ”Moma Stanojlović” in Batajnica. He completed his 
specialist studies in Coles-Sunderland, England in 1985 and in Caterpillar, University of 
Madison, the USA, in 1991. He spent his entire academic career at the Faculty of Mechanical 
Engineering in Kraljevo (University of Kragujevac). Being a full professor he published 
several university textbooks, workbooks and scientific monographs. He also published a large 
number of papers at international conferences, domestic conferences, foreign and domestic 
journals. He was the supervisor of several MSc and PhD theses. He was the Head of the 
Department of Heavy Machinery as well as the Head of Department of Constructions and 
Design in Mechanical Engineering. He was the Dean of the Faculty in five terms and the 
Vice Dean for Education in three terms. Professor Gašić was the founder and manager of the 
Centre for Construction and Transport Mechanization. He participated in and managed 
several scientific and research projects financed by the Serbian Ministry of Science, as well 
as numerous projects for the needs of the Serbian industry. He was a regular member of the 
editorial board of the national journal IMK 14 - Research and Development in Heavy 
Machinery. He was the chairman of the scientific board of the international scientific 
conference Heavy Machinery. He was also a member of many organizational and scientific 
committees of scientific and professional meetings in the country and abroad, including 
MHCL conference. In 2005 professor Milomir Gašić became an Honorary Doctor of 
Technical Science at the State University in Voronjez, Russia. In 2009 he became a member 
of the National Educational Council of the Republic of Serbia and he was also a member of 
the Scientific Committee for Mechanical Engineering at the Ministry of Science and 
Technological Development. Finally, Professor Gašić became a member of the Academy of 
the Russian Federation, Department of Quality. 
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fibre ropes and the estimation of discard and gives a brief outlook in 
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Keywords: Wire rope, fibre rope, rope lifetime, inspection, discard 
criteria, condition monitoring 
 

 
1. INTRODUCTION  
 

Ropes, wire and fibre ropes, that are used in running 
applications like storage and retrieval machine, cranes, 
elevators etc. have a limited lifetime. Therefore, the ropes 
have to be monitored in certain intervals according to 
their load regime and the valid rules and standards. For 
wire ropes several methods are available like magneto-
inductive rope testing [1], (automated) visual inspection 
or special methods like X-Ray, ultrasonic or the use of 
acoustic sensors. The rules and standards that can be 
applied for the monitoring and inspection of wire ropes 
are much elaborated. Fibre ropes provide some 
significant advantages for the application as running rope 
compared to steel wire ropes. However, a major 
challenge is the need for an universally applicable 
standard for recognition of the discard point of running 
fibre ropes. 

 
2. APPLICATION OF WIRE ROPES IN CONVEYING 

TECHNOLOGY 
 
Wire ropes are widely used in conveying technology. 

The most common field of application is the use as 
running rope for lifting. Typicall examples are as a lifting 
rope in industrial cranes or in storage and retrieval 
machinery or also called stacker cranes. In both 
applications mentioned, depending on the process the 
machinery is included, unexpected downtime of the 
system due to unplanned rope replacements can be 
connected to very high cost. Therefore, a high lifetime of 
the rope until discard point is reached is essential. And 
secondly, a safe recocnition or even an as accurate as 
possible predition of the safe discard point is equally 
important.  

 
2.1 How discard is determined and inspection done  

 
Nowadays, ropes in lifting applications are mostly 

inspected according to the standard ISO 4309 [2] . The 
standard originates from the inspection of hoisting ropes 

in crane systems. The most important discard criteria of 
ISO 4309 are the number of visible wire breaks, local and 
continous diameter reduction, corrosion and other 
deformations and mechanical damages visible on the 
rope. With the new version of the standard of 2019, new 
discard criteria were established taking into account inner 
wire breaks and loss of metallic cross section measured 
via LF-MRT (Local fault – Magnetic rope testing) and 
LMA-MRT (Loss of metallic area – Magnetic rope 
testing) methods. The MRT-methods are especially 
necessary or at least advisable if the rope construction or 
the relatively soft material of the deflection sheaves lead 
to the fact that the occuring fatigue wire breaks are 
positioned mostly inside of the rope and therefore not 
visible from the outside. 

 

3. OPPORTUNITIES WITH FIBRE ROPES 
 

Steel wire ropes were used for many years already in 
conveying technology and in many other applications as 
running ropes. Different methods for lifetime estimation 
of running steel wire ropes are well established and are 
widely used, taking into account also impacting factors 
originating in the rope drive geometry, etc. Also on the 
manufaturers side, there is a lot of experience on the 
important parameters to reach high fatigue lifetimes of 
wire ropes. 

However, modern high modulus fibre rope designs 
can lead to much higher lifetimes and therefore to lower 
downtime due to rope change. Additionally, the dead 
weight of a fibre rope is factor 5-7 lower. The setup of 
the rope is easier due to the lower weight of the rope. No 
grease is necessary, so in food-clean surroundings, the 
rope can be used without further precautions. Completely 
rotation resistant designs are possible if braided 
constructions are used. Many more advantages are 
conceivable depending on the field of application. 

 
3.1 Why are fibre ropes not widely used yet 

Considering all this advantages, why are fibre ropes 
not already widely in use in the field of conveying 
technology? The main challenge here is the missing of a 
universal method to determine the safe discard of fibre 
ropes. Different approaches are already known. For 
example using visual methods [3] [4]. 

 
 
 

Correspondence to: Prof. Dr.-Ing. Robert Schulz 

Faculty of Engineering Design, Production Engineering and 
Automotive Engineering, University of Stuttgart 
Institute of Mechanical Handling and Logistics, 
Holzgartenstraße 15 B, 70174 Stuttgart, Germany 
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Plenary Session - Invited Paper

Proceedings of the XXIV International Conference MHCL 2022, ©FME Belgrade, September 21st - 23rd, 2022 1 



 

4. CONDITION MONITORING OF FIBRE ROPES 

 
For fibre ropes, there is so far only one guideline 

dealing with the inspection of fibre ropes [5]. The 
methods of evaluating and monitoring fibre ropes are less 
advanced and elaborated compared to wire ropes. The 
most used method is the rather simple visual inspection 
by a person [3], [4]. Several other methods were 
investigated over the last years like implementing coated 
fibres to use the method of magneto-inductive rope 
testing [6] or the usage of ultrasonic [7]. Until now, with 
no satisfying success to be used as general approach. 

 
4.1 Optical system FibreSpect  

 
At IFT an optical system for the automated visual 

inspection and monitoring of fibre ropes is currently 
developed called FibreSpect (Figure 1), based on a 
system that originates in ropeway and mining 
applications [8]. 

 

Figure 1. FibreSpect: optical inspection system of fibre 
ropes 

The entire circumference of the rope surface is 
recorded over 360° with four high-resolution colour 
cameras. The image recordings are automatically 
evaluated using software, whereby deviations in the rope 
structure are identified as damaged areas.  

An automated visual inspection can help to overcome 
the above mentioned disadvantages of a manual visual 
inspection and can give further advantages and additional 
values. The main advantage is the relief of the inspector 
of an exhaustive and monotonous work itself and even 
from an dangerous working environment. Also, this 
inspection method offers a high reproducibility, with a 
recording speed of up to 3 m/s, which in turn reduces the 
machine's downtime. The inspector can evaluate the rope 
using the software and make a decision in a short time. 
Furthermore, additional different rope parameters can be 
continuously recorded, such as the rope diameter or the 
lay length. 

Running over the sheave causes wear mechanisms 
such as friction to act on the rope. These cause the rope 
surface to become frazzled and thus change the rope 
diameter. In order to investigate the progressive wear 
with increasing service life, the optical changes of the 
rope surface are analysed. Figure 2 shows an overview of 
the rope surfaces from a camera perspective for different 
service life intervals. Based on these illustrations, a 
qualitative description of the visible surface changes is 
first made. As rope wear progresses, fringes occurs, with 

individual fibres becoming damaged and oriented 
perpendicular to the rope surface. 

 

Figure 2. Surface change respectively change in colour 
intensity over the lifetime. 

With increasing number of bending cycles or service 
life, the number of lints increases significantly, which 
leads to an increase in the visible diameter as shown in 
Figure 4. In addition, protruding broken substructures 
(strong local fringes) of the rope are increasingly visible 
from approx. 40 % of the service life. 

To determine the rope diameter, the sudden increase 
in the curve of the averaged grey values is used. The 
increase in values is based on the increase in brightness 
starting from the black background. In Figure 3 an 
example for the diameter measurement and evaluation 
can be seen. In this example, the diameter was not 
directly measured but the major ellipse axis of the rope. 
Because of this, the line is rising in the diagram. At 80%, 
the line is rising in a steeper way, which could be used as 
a point of discard. 

  

Figure 3. Diagram of rope diameter (major ellipse axis) 
measurement 

Another possibility, as an alternative to the diameter 
measurement, is the measurement of the visible area, 
Figure 4. This would include not only the main body of 
the rope but also protruding fringes. 

 

Figure 4. Measurement of visible area 

This kind of monitoring is not only interesting for 
fibre ropes that are being used in cranes for example but 
also for the production of such ropes. An automated 
visual inspection system could be installed at the end of 
the rope-making machine right in front of the storage 
drum. The rope is running through the device and defects 
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caused by the production process could be located. This 
would help the quality management overall and 
specifically in cases of complaints. 

 
4.2 Biointelligent approach (coatings changing 

colour)  
 
In a funded project, the applicability of bio-intelligent 

approaches for better monitoring of fibre ropes in 
technical logistics was researched. In the research project 
carried out, the focus was on thermochromic polymers. 
The thermochromic polymers have the property of 
changing colour when the temperature changes. 

The effect is already known in nature, for example, a 
chameleon can cause a colour change by means of a 
physiological colour change through a change in the 
colour cells (chromatophores) to indicate how it feels. 
The focus of the study was on fibre ropes from the field 
of materials handling technology, which were prepared 
with the coatings. Ropes have been used for several years 
in a wide variety of forms and logistical applications. In 
the past, natural fibres were used as materials, and in 
modern times steel wires and increasingly plastic fibres 
have been used. Compared to steel wires, even a slight 
increase in temperature can lead to a loss of performance 
with plastic fibres, shown in Figure 5. A change in the 
colour of fibre ropes could therefore serve as an indicator 
of overload or the end of the service life.  

 

Figure 5. Tensile strength of HMPE fibres as a function of 
temperature [9] 

The tests included three different conventionally 
available coatings covering different temperature ranges 
(26-31 °C, 40-45 °C, 57-62 °C). Figure 6 shows the 
coatings applied to a fibre rope. To illustrate the colour 
change, the prepared rope was tempered in a defined way 
in a climate chamber. 

 

Figure 6. Colour change of the thermochromic coating 
depending on the temperature level 

It is clearly observable how the fading of the colour 
of the coatings occurs after exposure to the respective 
temperature. 

In order to investigate the use of such coatings for 
running ropes in the field of conveying technology, the 
test ropes were coated with them. The fibre ropes were 
prepared with the coatings in such a way that the three 
coatings were applied one after the other in the bending 
zone of the rope, see Figure 7 and 9. 

 

Figure 7. Fibre rope with thermochromic coating before 
and after the bending test 

 

Figure 8. Overview of the bending tests carried out 

In tests, a colour change could be detected which 
corresponded well with the separately measured surface 
temperature. Ropes equipped with such a coating could 
thus be easily monitored and thermal overloads made 
visible by colour changes. The colour change could even 
be easily and simply detected automatically with a visual 
monitoring device. 

The techniques borrowed from nature and biology 
showed clear potential for materials handling 
applications, for example the use of thermochromic 
coatings, so conclusions can be drawn about the object 
based on the colour change of the coating. 

 
4.3 Other biointelligent research approach(es) 

 
The use of fibre ropes in the field of materials 

handling not only offers advantages through weight 
reduction and the associated energy efficiency. It would 
be advantageous if these ropes included one or more 
active elements, such as for extending or shortening their 
rope length. 

Ropes are usually passive elements for transmitting 
forces or which are moved by an external force. These 
ropes are also passive in their interaction with the user 
and the system. 

Nature shows us in several examples how intelligent 
systems that have evolved through evolution can provide 
advantages in everyday life. In architecture and 
mechanical engineering, the bionic principle has been 
applied for a long time, according to which buildings and 
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architectural structures follow natural structures and are 
thus constructed in a way that is ideal in terms of strength 
and saves resources [10], [11]. In materials handling 
technology and especially in rope technology, the use of 
such principles is unknown and completely uncharted 
territory. Yet ropes equipped with "natural" additional 
functions could offer considerable advantages such as 
resource savings, increased safety or increased 
efficiency. 

In a further study, possible potentials from nature and 
research for materials handling technology were 
therefore examined in more detail. Artificial muscles, 
also called filament-based muscles, could be used as 
actuators in a materials handling environment. Artificial 
muscles can basically be divided into three types: 
electrically actuated, pneumatically actuated and 
thermally actuated muscles. In the research project 
carried out, the focus was on the thermally actuated 
muscles. These can be made of carbon nanotubes, nylon 
or polyethylene threads. As they are easily available, 
fishing lines made of Nylon 6 were used for the 
investigations carried out. Diameter of the line was 
0,27mm. In various test series, investigations were first 
carried out with regard to the manufacturability and the 
possible application limits. It could be shown that good 
adjustment ranges can be realised with simple fishing 
lines (Figure 9). Thus, expansions of up to 10 % could be 
achieved, with a tensile force of 6,4N. 

 

Figure 9. Lengthening of tested filament-based muscles 

In a second step, possibilities for implementing the 
artificial muscles in materials handling applications and 
parts were investigated. The actuation of the lid of a small 
load carrier was chosen here as a demonstrator object, see 
Figure 10.  

 

Figure 10. Prototype of a small load carrier equipped with 
artificial muscles to open the lid  

Actuation takes place by directly heating the muscle 
or by applying a voltage to the heating coil. 

 

Figure 11. Actuation and heating of the filament-based 
muscle with an eltrical coil 

The artificial muscle serves as an actuator in the 
smallest space for automatically opening and closing the 
lid. This could be interesting in robot or machining 
centres, for example. 

It could be shown that with such fibre ropes a cost-
effective solution for handling techniques can be 
adopted. In this respect, fibre ropes offer a broad potential 
in conveying technology. 

 
5. CONCLUSION 

The absence of clear and general discard criteria is 
still one of the biggest obstacles for the widespread use 
of running fibre ropes in the conveying technology. Even 
that there often would be significant advantages 
compared to the use of steel wire ropes. A general method 
for the safe determination of discard is essential. 

IFT is continously researching in this field, also 
regarding a general approach for lifetime estimation of 
high modulus running fibre ropes. In parallel, possible 
new fields for the application of fibre ropes, using e.g. 
also biointelligent approaches, are explored. 
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The effect of wind on crane structures 
 
This research focuses on evaluating and comparing the mechanical 
behaviour of different crane types subjected to wind actions, which are 
schematized as both constant and changing vs. time. 
The wind actions variable in time was estimated considering the Kaimal 
model, and the actions were determined by developing a specific Mathcad 
program. After the preliminary analytical crane design, the next steps 
concern making the solid model and performing the finite element 
analyses. 
The numerical results show that, if the wind actions were schematized 
changing in time, the maximum displacement is greater (from 1,5 to 3 
times) than the one obtained with the constant actions. This gain is 
important and it is not constant, but changes with the crane type and the 
geometrical configurations. The research is still in progress both to extend 
this methodology to other lifting equipment and to assume other wind 
models’ schematization. 
 
Keywords: container crane, wind actions, stochastic wind field design, 
dynamic behaviour, dynamic analyses, finite element analysis. 
 

 
1. INTRODUCTION   
 

The purpose of this research is to analyze the dynamic 
behaviour of four different crane types subjected to wind 
actions. In particular, the goal of this study is to analyze 
the wind effects on four different geometrical cranes 
considering different wind actions schematization i.e 
wind actions constant or variable vs. time.  

The cranes can be subjected to many different actions, 
dead load and inertia actions due to moving loads or 
crane parts [1,2,3,4,5], moving trolley [6,7], impulse 
loading [8], wind [9,10,11,12], earthquake [13,14]. 
Earthquake actions can be very dangerous, in fact, for 
example during the Kobe earthquake, (17/1/1995) [15, 
16] different cranes collapsed causing considerable 
damage also from an economic point of view. In this 
case, the principal failure modes for these structures are 
local or global buckling phenomena. 

The wind actions are one of the main load conditions 
that act on lifting equipment such as cranes. These 
actions can lead the structures to collapse (for example 
due to the overturning moment, buckling phenomena 
both local and global, and so on) [17,18,19,20]. In 
general, and according to several standards (as, for 
example, EN 13000 series), the wind action and the 
relative load can be estimated by assuming a constant 
force.  

The magnitude of this load is correlated to the wind 
velocity, the area interested by the wind and some 
aerodynamical coefficients. However, it is important to 
underline that, compared to the civil structures, the 
mechanical ones, in general, are more flexible and 
composed of many different elements (like a beam, or 
truss elements). In general, crane structures are slender 
structures if compared with civil ones. Based on this 

point of view, assuming a constant load action applied to 
the structure can be unsafe for the structure itself. For the 
components, it is important to study the interaction 
between wind action and the dynamic behaviour of the 
whole crane or its parts. The present research is part of 
this field whose main purpose is to study, evaluate and 
compare the results obtained by numerical analyses on 
cranes subjected to two different wind loads 
schematizations i.e. constant and variable in time. 

 For this purpose, four different crane types were 
analyzed to study the mechanical behaviour of the 
structures subjected to stochastic wind load actions. 
 
2. BACKGROUND 

 
In general, the wind actions applied to structures and 

in particular to the crane ones produce two forces that act 
in two directions: one in the wind direction, and one in 
the orthogonal direction (figure 1). The force’s intensity 
can be evaluated by equations1 and 2 [20].  

 

Figure 1. Force indiced by wind action  

�� =
1

2
�[�(�, �, �, �)]���� (1)

�� =
1

2
�[�(�, �, �, �)]���� (2)

 
Where: 
� =air density; 
�(�, �, �, �)=field velocity; 
��and ��= lift and drag coefficients; 
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� = |�� ∗ cos �| + ��� ∗ sin �� is area and � is the 

yaw angle. 
As reported in the introduction, wind action can be 

very dangerous for crane structures and this observation 
has induced the development of many standards. 

Here are reported the main aspects of the most 
important standards developed in the last years. 

  
2.1 Standard 1001 FEM 3rd edition 1998 [21] 

 
This standard is one of the first standards that 

systematically define a procedure to estimate the wind 
actions and the relative force applied to the crane’s 
structure. The wind’s actions were considered constant in 
time. This standard considers only one force induced by 
the wind and is assumed to be applied in the least 
favourable direction considering also out-of-service 
loads. 

The wind pressure is correlate to the wind velocity 
through a simple equation (3).  

� = 0,613��
� (3)

The standards considers also the effect of the wind 
applied to the load, in this case, the aerodynamic 
coefficient is very high (2,5.). The standard reports an 
exhaustive evaluation of the aerodynamical coefficients 
for many different geometrical configurations of the 
component, these factors are also reflected in [22] 

 
2.2 Standard UNI EN 13001 series [20] 

 
This standard assumes some considerations from the 

previous standard i.e. the force is constant in time. Its 
direction is perpendicular to the longitudinal axis of the 
member under consideration. Also, this standard involves 
the action on the load.  

Even if the aerodynamical coefficient value is less 
than the one reported in the previous standard, this 
formulation considers the influence area proportional to 
the weight of the load. The standard shows a correlation 
between the Beaufort scale wind and the mean wind 
velocity. For out-of-service wind load the standard offer 
an indicative map of European wind regions to reference 
storm wind velocities. Annex A of this standard is very 
exhaustive to estimate the aerodynamic coefficient 
values for different crane structures.  

There are many standards to estimate the wind action 
for specific crane types, in general, these documents 
remand to the EN 13001 standards [24]. 

 
3. WIND VARIABILITY VS TIME 

 

The wind pressure in the crane structures is not 
constant in time; to take into account this variability vs 
time new approaches were developed. This approach 
considers that the wind action is correlated to the time t. 
[25,25,26,27,28] 

In general, the wind field velocity can be estimated 
through the sum of two contributions, one is correlated to 
the height positions (z) and the second is in the function 
of the time (4): 

 �(�, �, �, �) = ��(�) + �(�, �, �) (4)

Where: 
��(�)= is the mean velocity, it is independent of 

space and time but only varies along the height of the 
structure (z) by formula (5): 

 
��(�) = �� �

�

��
�

�

 (5)

In the next applications, the values assumed are: 
��=20 m/s; �� =7.5 m; α=1/7. 

v(x,y,t)= is the component variable over time i.e. the 
fluctuating wind speed. 

To study wind variability in time, the most classical 
approach is based on the power spectral density function.  

The most important models are Kaimal and Van der 
Hoven models. 

By summarizing as much as possible what is reported 
in the [28,29,30,31,32], the fluctuating part of wind 
velocity can be evaluated by the power spectrum method 
with Kaimal’s model (6). 

 
��(�, �) =

1

2

1

2 ⋅ �
⋅ 200 ⋅ �(��)� ⋅

��

��(��)

⋅
1

�1 + 50 �
|�|��

2���(��)
��

�
�

 (6)

With these expressions, it is possible to evaluate the 
coherence function between two points and the 
fluctuating part of the wind speed (v ) by formula (7) 
which considers a random variable in function. 
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4. APPLICATIONS 

 
For all the cranes analyzed, the main points developed 

are reported below. Design a crane considering the 
“classical” actions: dead load, working load or payload, 
inertia loads and wind loads following the EN 13001 
series standards. For this point, it was assumed a classical 
structural high strength steel (S460M or S460ML 
according to European standard EN 10025:2004). 

After a preliminary analytical design, a solid model 
(Solid Works® software) and finite element analyses 
were carried out through both Autodesk Simulation® and 
Solid Works® software. Through a specific developed 
Matchcad® program, the wind vs time (equation 7), the 
power spectrum (equations 6) and the wind forces 
(equations 1 and 2) were evaluated. 

Each crane was divided into different substructures, 
characterized by a specific area, height position (z), and 
drag and lift coefficients; on each one, the forces 
calculated at the previous point were applied. It is 
important to underline that the number of substructures 
or areas was chosen considering two parameters. The 
first one is the convergence solution to the maximum 
crane displacement correlated to the number of areas. 
The second point is the software and hardware capability 
and the computational cost. In general, each FEM model 
was composed of 5000 quadratic beam elements and 
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