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Abstract. The state of metal structures of port handling machines in
Ukrainian ports is alarming due to several problems, such as corrosion,
mechanical wear, lack of modernizations, limited resources for maintenance
and insufficient application of modern control methods. Over time, structures
that have been in operation for several decades are subject to significant wear
and tear, which reduces their load-bearing capacity and increases the risk of
accidents. The humid marine environment contributes to corrosion, while the
stresses of transhipment machinery cause material fatigue and cracking. Lack
of modernisation and limited funding for maintenance often lead to accidents.
Irregular use of modern non-destructive testing methods makes it difficult to
detect hidden defects on time. This paper examines the problems and potential
solutions regarding the condition of metal structures of port handling
machines in Ukrainian ports. Several major problems are identified, such as
corrosion, mechanical wear, lack of modernisation and limited maintenance
funding. In particular, methods are used to assess the stress-strain state of
metal structures of portal cranes, a combination of the analytical finite
element method (FEM) and the experimental method of strain measurement.
As a result, the integration of FEM and strain gauging has made it possible
to obtain accurate data on the condition of structures, which is critical to
ensuring their safety and efficiency in operation.
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Introduction

The state of metal structures of port transhipment machines in the
ports of Ukraine today causes concern due to a number of factors. Many of
these machines have been in operation for several decades, which leads to
significant wear and tear of metal structures. The main problems are:
corrosion, mechanical wear, lack of modernisation, limited resources for
maintenance, and insufficient implementation of modern control methods.
Constant exposure to the wet marine environment contributes to corrosion
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damage to metal structures, which reduces their load-bearing capacity [1,2].
The load during the operation of handling machines leads to fatigue of the
material, and the appearance of cracks and deformations, which requires
careful control and timely repair. Many machines have not undergone
significant modernisation, which reduces their efficiency and safety. Due to
economic difficulties, not enough attention is often paid to regular
maintenance and repair of machines, which can lead to emergency situations.
Modern methods of non-destructive testing are limited, making it difficult to
detect hidden defects in a timely manner. To ensure the safety and efficient
operation of port handling machines in Ukraine, it is necessary to strengthen
the monitoring of the technical condition of metal structures, introduce
modern diagnostic technologies and increase investments in modernisation
and repair of equipment.

Setting the problem.

One of the promising methods for determining the stress-strain state
of metal structures of port machines is the combination of the analytical
method of finite elements and the experimental strain gauge method. This
combination is suitable for assessing the condition of structures, allowing to
obtain detailed information about the distribution of stresses and
deformations in various elements of metal structures. The combination of the
analytical method of finite elements (FEM) and the experimental strain gauge
method is indeed one of the promising approaches for determining the stress-
strain state of metal structures of port machines. The finite element method
allows you to create a detailed mathematical model of the structure, taking
into account all possible variants of loads and material properties. This makes
it possible to predict the behaviour of the structure in various conditions and
to identify potential zones of increased stresses and deformations, which can
be critical for safe operation. The strain gauge method complements this
analysis with experimental data obtained directly during the actual operation
of the equipment. It allows you to measure the actual stresses at individual
points of the structure, confirming or correcting the results obtained using
FEM [3-5].

The advantages of this combination are the possibility of obtaining
both theoretical and practical data on the state of the structure, which provides
a more accurate and reliable analysis. This is especially important for
complex metal structures, where the influence of various factors can be
difficult to predict using only one method. Thus, the integration of analytical
and experimental approaches not only increases the accuracy of assessing the
state of metal structures but also reduces the risks of emergency situations,
which contributes to increasing the overall safety of port handling machines.

In this paper the results of research on the stress-strain state of the
metal structure of the portal crane ‘Condor’ are presented as an example. The
application of the Finite Element Method (FEM) to the entire metal structure
of the gantry crane is very important and has several key advantages:
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1. Complex analysis of the stress-strain state:

* FEM allows for a detailed analysis of the distribution of stresses and
deformations in all elements of the metal structure of the crane, including the
column, jib system, support beams, frame and other components.

* it provides a comprehensive understanding of how various loads
(cargo weight, wind, inertial forces, dead weight) affect the overall strength
and reliability of the crane.

2. Detection of zones of increased stress concentration:

* FEM allows you to identify critical zones where increased stresses
or deformations may occur, which helps to identify potential structural
weaknesses.

* is important to prevent accidents and cracks in key elements of the
crane, such as welds or joints.

3. Evaluation of stability and stability:

« with the help of FEM, it is possible to evaluate the resistance of the
cargo crane to external loads, such as wind or dynamic loads during
movement or lifting of loads.

* this method helps to determine the risk of loss of balance or
overturning of the crane, which is critically important for ensuring the safety
of its operation.

4. Design optimization:

* is used to optimize the design of the metal structure of the crane in
order to reduce its weight, increase strength and reduce material costs.

* optimization may include changing the shape of elements, choosing
optimal materials, or modifying connections to improve the overall
performance of the faucet.

5. Analysis of dynamic processes:

* the finite element method allows us to analyse the influence of
dynamic loads, such as vibrations, accelerations, and shocks that occur during
the operation of the crane.

* makes it possible to predict the behaviour of the crane in different
operating modes and ensure its stable and safe operation.

6. Consideration of various operating conditions:

* simulation of the influence of various external factors on the metal
structure of the crane, such as corrosion, temperature changes, and the
influence of an aggressive environment, which affects the durability and
reliability of the structure.

* it is important to estimate the service life of the crane and to plan
maintenance and repairs.

7. Simulation of emergency situations:

* can be used to simulate emergency situations such as loss of load,
failure of elements or exposure to extreme loads. It helps to prepare for
potential dangers and develop measures to prevent them.
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The application of the finite element method to the entire metal
structure of a cargo crane is an extremely effective tool for ensuring
reliability, safety and optimization of the structure. FEM allows you to
comprehensively analyse the behaviour of the crane under various loads,
identify potential problems and develop design solutions that increase the
durability and efficiency of the crane. This helps to reduce the risks of
accidents and ensures stable operation of the crane in various operating
conditions [6].

The ANSYS APDL program, which is based on the finite element
method, was used to check the strength of the crane's metal structure. In the
process of analysis, five calculated cases of the crane design were considered,
differing among themselves in the direction of the forces caused by the slope
and wind.
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Fig. 1. Load scheme for case 1 (forces from the slope are applied along the
crane's trajectory).

This means (Fig. 1) that the loads act in a horizontal direction along
the moving path or rails along which the crane moves. The influence of tilting
forces can lead to additional stresses in the structural elements of the crane,
such as columns, booms and rails, which can increase the load on certain areas
of the structure and require careful analysis to ensure its strength.
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Fig. 2. Load diagram for case 2

In Fig. 2, the forces from the slope act perpendicular to the direction
of movement of the crane. This can create lateral loads on the structure.
affecting the stability and balance of the structure. Such forces can cause
additional stresses in the horizontal and vertical elements of the crane
structure, such as columns, crossbars, booms and rails. Lateral forces can lead
to deformations of the structure, such as bends or shifts, which can affect the
accuracy of positioning and operation of the crane.
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Fig. 3. Load diagram for case 3 (forces acting along the crane path).

Forces along the path create longitudinal loads on the structure, which
can affect the columns, cross members and booms of the crane, leading to
stretching or compression of the structural elements. The occurrence of
longitudinal stresses can create additional forces in horizontal and vertical
elements. Longitudinal forces can cause deformations (bending, twisting).
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Fig. 4. Load diagram for case 4

For Case 4, forces acting across the crane path create lateral loads that
can cause structural members to bend or shift. This can be especially
important for booms, wheel blocks and brackets. Lateral forces can reduce
the stability of the structure, which can lead to unwanted deformations or even
damage to the integrity of the structure.

For case 5, the scheme of Fig. 1 is used, in which the forces from the
slope are applied along the trajectory of the crane and the weight of the cargo
increases from 32 t to 40 t.

On the example of case 1, we will consider the results obtained with
the help of this program.
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Fig. 5. Boundary conditions for case 1
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Shell end elements SHELL 181 (four nodal elements) were used to
model the metal structure of the column. This type of element allows you to
accurately take into account the bends and deformations of thin-walled
structures. The machine room was modelled using rigid beam elements MPC
184. It was modelled with an end element working only in
tension/compression (MPC 184, LINK), which allows you to take into
account only vertical forces. Concentrated masses (MASS 21) [5] were used
to model the weights of the engine room, fixed counterweights on the rear
wall and the floor of the engine room.

The lower part of the frame was attached to the column using a pivot
joint (MPC184, rev). This provides the ability to rotate the frame and transfer
the load through the hinge. It is forbidden to move the "leading" node in all
directions and rotate around the vertical axis of the column. The support
rollers are limited in the horizontal direction by means of contact with the
head of the portal. The column is loaded by the forces obtained from the
calculation of the jib system. In addition to the loads from the jib system, the
column is subject to inertial loads from the rotation and acceleration of the
rotation of the column. For certain cases (3,4), the load is taken into account
from the wind. A force acting at a point that models the drum of the lifting
mechanism is added to the model.
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Fig. 6. Equivalent stresses according to Mises in the column

83



ISSN 2311-0368 (Print) Hebezeuge und Fordermittel, Nel (69), 2025
ISSN 2409-1049 (Online)

HCODAL SCLUTICH
STEp=]l

SUB =12

TIME=1

SEQV (RIG)
IMX = 16152
20 =.347EH9

OCT 25 201¢
lE:35:1€

I
] TTLE+08 1542403 .231E+08 .305E+09
.3BEE408 LLEE+09 1532405 -2T0E+05 . 34TEHDS

Fig. 7. Equivalent stresses according to Mises in the support of the
column

After building the model and applying all efforts, it became clear that
the stresses in the front and rear shelves of the column in some places
exceeded the allowable for the given thickness and type of steel. Local
strengthening of the front and rear shelves of the column is required.

The calculation of cyclic strength must be carried out for a specific
scheme of column reinforcement after the calculation of static strength. At
the same time, the criterion of static strength must be satisfied. Analysing the
data obtained by the ANSYS program, they concluded that the strength of the
side sheet of the column according to the criterion of loss of stability meets
the requirements. The static strength of the front sheet according to the
criterion of loss of stability does not meet the requirements. The sheet must
be reinforced with a corner L300x100x10.5x15, material 17GS or 17G1C,
located in the centre, along the axis of the column.

2. Methodology of strain gauge studies of pressures on the
supports of the crane «Kondor».

Determination of the pressure in the horizontal rollers of the portal
crane column is carried out in order to assess the adequacy of the crane model
used in the calculations. Information about the centers of gravity of additional
elements (electrical cabinets, crane operator's cabin, stationary
counterweights, etc.) was taken from the technical documentation of Dialab
LLC.

The Power Graph 3.3 program was used to register and process the
information obtained from the primary deformation transducers.
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Fig. 8. Tension station with 32 information channels.

Strain gauges were glued to the unloaded part of the roller. When the
tap is turned, the tension resistor falls into the tension zone in the roller,
caused by its contact with the support-rotary circle. After calibration using
the calibration curve obtained as a result of calculations, on the basis of the
known values of the deformation of the point of the wheel where the tensor
is glued, the horizontal force on the roller was determined [7,8].

On each front roller there is one tensor resistor, the axis of which is
welded radially. The skating rink has a cover on one side, so the sticker should
be applied from the side opposite to the cover. The place of strain gauge
sticker was pre-cleaned to a smooth state (the last skin is the finishing one),
the surface was cleaned of dirt and abrasives with the help of acetone, and
moisture was removed from the surface with alcohol. After the sticker was
left for some time, the glue hardened.Measurements were made for a nominal
load of 32 tons.

1. The jib system of the crane was placed in a position corresponding
to the departure of 32 meters with a test load. First, the tensors on the rollers
must be unloaded.

2. Started recording the signal.

3. We made a corner turn, achieving the fact that the part of the roller
with tensor resistors, rotating, received the load from contact with the portal
head. The rotation was continued until the load completely subsided.

4. Turned the tap in the opposite direction to the initial position of the
tensor (until it is fully unloaded).

5. Repeated once more.

The procedure was repeated for a departure of 24 and 15 meters,
respectively.

The strain gauge results confirmed the adequacy of calculation models
and load distribution on the side sheet. That is, the side sheet is strong enough
and does not need additional reinforcements to ensure the stability of the
structure. High levels of stresses and deformations occurred in the front
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sheets, exceeding the permissible limits. This may indicate the presence of
risks of destruction or instability of the front sheet under load.

The results of the strain measurement confirm the previously obtained
data by the ANSY'S program.

Conclusions.

Analysis of the technical condition of metal structures of port handling
machines in Ukraine shows the presence of significant problems related to
corrosion, mechanical wear, limited resources for maintenance and
insufficient implementation of modern control methods. Port handling
machines, which have been in operation for several decades, require increased
attention to ensure their safety and reliability.

One of the promising methods for assessing the stress-strain state of
metal structures is a combination of the analytical method of finite elements
and the experimental strain measurement method. FEM allows you to create
detailed mathematical models of structures, evaluate their strength and
stability under various loads, and the strain measurement method provides
accurate measurements of actual stresses in real operating conditions. In the
case of the ‘Condor’ portal crane, the use of FEM demonstrated the possibility
of detailed analysis of stress distribution, detection of areas of increased loads
and design optimization. In particular, calculations using the ANSYS APDL
program confirmed the need to strengthen certain structural elements, such as
the front and rear pillars of the column, which are critical for preventing
accidents. Strain measurement studies confirmed the adequacy of the model
obtained using FEM and indicated the need to strengthen the front sheets of
the column. The data of the strain gauges, which were carried out on the
rollers of the crane, confirmed that the side sheet of the structure is strong
enough, but the front sheets need additional strengthening.

In general, the combination of analytical and experimental methods
makes it possible to increase the accuracy of assessing the technical condition
of port transhipment machines, reduce the risks of emergency situations and
ensure their stable and safe operation. In order to improve the situation of
national ports in Ukraine, it is necessary to introduce modern diagnostic
technologies and invest in the modernization and maintenance of equipment.
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OIIHKA HAIIPYKEHO-IE®OPMOBAHOI'O CTAHY
IHOPTOBUX NIEPEBAHTAXYBAJIbHUX MAIIIUH

Hemuyk O. O. Jlerenpka I. I1.
Ooecbkuil HAYIOHALHULL MOPCLKULL YHIBEepCUmem

Anomauis. Cman MeManoKOHCmMpPYKYiu nopmosux
NepesanmantCy8albHUX MAawiun 8 YKPAiHCbKUX NOpmax GUKIUKAE MPUBO2)
uepe3 ps0 npoobiem, maKux K Kopo3is, MexaHiuHe 3HOUY8aHHA, 8IOCYMHICMb
MoOepHizayii, 0dmedHceHicmy pecypci 0l MEeXHIUH020 00CIY208Y8aAHHA MA
HeO0OCMAmHE 3ACMOCY8AHHA CYUACHUX Memooié Koumpoanio. 3 uacom
KOHCMPYKYIi, Wo eKCniyamynomscsa 8ice KilbKa 0ecsamuiims, nioisearomo
CYmMmeBOMY 3HOCY, WO NPU3800UMb 00 3MEHUIeHHS IXHbOI Hecyuoi
30amuocmi ma 30i1buye puzux asapii. Bonoce mopcvke cepedosuwye cnpusic
KOpO3ii, @ HABAHMACEHH Ni0 Yac poOOMuU NepPesanmatcy8arbHUX Mauut —
emomi mamepiany i nosgi mpiwun. Yacmo eiocymuicmes mooepHizayii ma
obmedcene (QIHAHCYBAHHA MEXHIYHO20 00CTY208Y8AHHSA NPU3BOOAMb 00
aeapitinux cumyayiu. Hepecynapne UKOPUCMAHHA CYYACHUX MemOo0i6
HEPYUHIEHO20 KOHMPOIIO YCKIAOHIOE CB0E€UACHE BUSABNEHH NPUXOBAHUX
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Odegexmis. YV Oaniti pobomi po3ensnymo npoodiemu ma nOMeHYiuHi piulerHs
WOo0o cmamny MemaioKOHCMPYKYil NOPMOBUX NEPEBAHMANCYBATLHUX MAULUH
8 YKpaincbKkux nopmax. Busaeneno Kinbka OCHOSHUX npoOiem, MAKux K
KOpO3isl, MeXaniuHe 3HOULYBAHHS, 8I0CYMHICMb MOOEepHI3ayii ma oomedicene
@inancysanna mexuiuno2o o06cy208y8anHs. 30Kpema, UKOPUCMOBYIOMbCS

Memoou ons OYIHKU Hanpyiceno-0epopmosanozo cmawuy
MEMAnOKOHCMPYKYItl ~ NOPMANbHUX — KPAHie,  30KpeMa  NOEOHAHHS
aHanimu4Ho20 Memooy KIHYesux enemMeHmis (MKE) ma

eKCnepUMeHmalbHo20 Memody menzomempii. Y niocymky, inmeepayis MKE
i meH30mempii 003601UNA OMPUMAMU MOYHI OAHI NPO CMAH KOHCMPYKYIl,
WO € KPUMUYHO B8ANCIUBUM OJisl 3a0e3neyenHs ix be3neku i ehekmuenocmi 6
excnayamayii.

Kntouosi cnosa: mawunu 015 nepesanmadceHHs 6aHmMaxicie y
nopmax, Kopo3is, MEXariyHul 3H0C, MOMA Mamepiary ma mpiujuHu, Memoo
CKIHUEHHUX e/leMeHmi8, HANPYyHCeHo-0eopMOosanHull CmaH, meH30Mempis,
MoOepHizayis, mexHiune 00C1y208Y8aAHHS, HEPYIUHIBHUL KOHMPOlb.
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