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Abstract. The results of the analysis of emergency statistics indicate that the problem of improving the safety of sea 

navigation remains very relevant. At the same time, one of the causes of serious damage to the hulls of ships is the ef-

fect of intense locally distributed loads, which often lead to the destruction of structures and even the death of ships.  

A promising way to solve this problem is the introduction of onboard intelligent systems into the practice of ship op-

eration. To develop a local strength control unit, it is necessary to have methods for calculating structural elements be-

yond the elastic limit that provide the required accuracy with minimal computing power. A technique has been devel-

oped to take into account the effect of subsidence of frames adjacent to the loaded frame on the deformation of the lo-

cally loaded side overlap, and an assessment of the possibility of its application in the local strength control unit of the 

onboard intelligent system has been carried out. The presented technique is based on the realization of the hypothesis 

“about the instantaneous opening of plastic hinges”. The comparison with the calculation results using the finite ele-

ment method implemented in the ANSYS software package is carried out. An acceptable for strength calculations  

of ship hull structures agreement of the results was noted, which indicates the possibility of practical use of the devel-

oped methodology, in particular when implementing the local strength control unit in on-board intelligent systems. 
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Научная статья 

К вопросу о выборе методов расчета в задачах контроля  

местной прочности в бортовых интеллектуальных системах
 
 

Евгений Петрович Бураковский
1
, Павел Евгеньевич Бураковский

2�,  
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3
, Вячеслав Михайлович Юсып

4
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Аннотация. Результаты анализа аварийной статистики свидетельствуют о том, что проблема повышения  

безопасности мореплавания остается весьма актуальной. При этом одной из причин возникновения серьезных 

повреждений корпусов судов является действие интенсивных локально распределенных нагрузок, приводя-

щих нередко к разрушению конструкций и даже гибели судов. Перспективным путем решения указанной 

проблемы является внедрение в практику эксплуатации судов бортовых интеллектуальных систем. Для разра-

ботки блока контроля местной прочности необходимо располагать методами расчета элементов конструкций 

за пределом упругости, обеспечивающими требуемую точность при минимальных затратах вычислительных 

мощностей. Разработана методика, позволяющая учитывать влияние просадки смежных с нагружаемым 

шпангоутов на деформирование локально загруженного бортового перекрытия, и проведена оценка возмож-

ности ее применения в блоке контроля местной прочности бортовой интеллектуальной системы. Представ-

ленная методика основана на реализации гипотезы «о мгновенном раскрытии пластических шарниров». Про-

ведено сопоставление с результатами расчета по методу конечного элемента, реализованного в программном 

пакете ANSYS. Отмечено приемлемое для прочностных расчетов судовых корпусных конструкций согласова-

ние результатов, что свидетельствует о возможности практического использования разработанной методики,  

в частности при реализации блока контроля местной прочности в бортовых интеллектуальных системах.  

Ключевые слова: бортовые интеллектуальные системы, контроль прочности, местная прочность, пластиче-

ские деформации, балка набора, пластический шарнир, прогиб, метод конечных элементов  

Для цитирования: Бураковский Е. П., Бураковский П. Е., Веревочкин А. В., Юсып В. М. К вопросу о выборе 

методов расчета в задачах контроля местной прочности в бортовых интеллектуальных системах // Вестник 

Астраханского государственного технического университета. Серия: Морская техника и технология. 2023.  

№ 4. С. 7–16. https://doi.org/10.24143/2073-1574-2023-4-7-16. EDN WAEXFJ. 

Introduction 

Increasing the safety of navigation is one of the key 

issues in the marine equipment operation. Statistics 

shows that, despite the improvement of hull structures, 

equipment and navigation aids, significant number  

of the world fleet vessels continue to have shipwrecks 

and one of the most common reasons for the loss  

of ships is unfavorable weather conditions. The inter-

action of a vessel with the external environment in 

such conditions is characterized by significant uncer-

tainty, as a result of which a person is often unable to 

take right decisions on the control of the vessel that 

would enable to prevent emergency situations. 

A promising trend for improving navigation safety 

is the development and implementation of on-board 

intelligent systems that would allow to carry out real-

time monitoring of the stability, unsinkability and 

strength of a vessel under extreme operating condi-

tions [1-4]. In this case, the on-board intelligent system 

for monitoring operational strength has to contain  

a number of blocks, and, in particular, blocks for 

monitoring general and local strength. 

 

Requirements for on-board intelligent strength 

monitoring systems 

When monitoring local strength, the condition  

of both plate and beam elements of the ship's hull has to 

be assessed (Fig. 1), and it is necessary to take into ac-

count the interaction of individual elements in the pro-

cess of perceiving intense locally distributed loads [5-7]. 

To monitor the condition of a shell plate of a vessel, some 

methods have been proposed [8, 9] that allow timely de-

tection of the occurrence of a dangerous state and warn 

the navigator about the need to implement measures to 

reduce force impacts on the hull structure. Considering 

that deflection is an integral characteristic of the strength 

of ship structures, it is first of all necessary to control its 

value when accepting operational loads. 
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MONITORING THE OPERATIONAL STRENGTH OF A VESSEL BASED ON AN ON-BOARD 

INTELLIGENT SYSTEM  

CONTROL OF THE LOCAL 
STRENGTH OF THE VESSEL 

 
Strength control of plate 

elements of the ship's hull 
 

Strength control of ship hull 

beam elements 

CONTROL OF THE 
OVERALL STRENGTH OF 

THE VESSEL 
 

Monitoring the ultimate 
strength of a vessel 

during general bending 
 

Monitoring the fatigue 
strength of a vessel 

during general bending 

STRENGTH CONTROL IN 
AN EMERGENCY 

SITUATION 
 

Strength control during 
collision and mooring of 

ships 
 

Strength control when the 
vessel runs aground and in 

shallow water conditions 

 
METHODS, MODELS AND CONTROL ALGORITHMS 

OPERATIONAL STRENGTH 

MATH MODELING 

CURRENT SITUATION 

 
Construction of 
environmental 

scenarios 

 
Construction 

of system 
dynamics 

scenarios 

Modeling interaction 

dynamics 

Modeling elements of 

the original system 

Visualization of 

simulation results 

 
 

Fig. 1. Conceptual model of an integrated computing complex control of the operational strength of the vessel 

 

Since the risk of destruction of the beam structures 

of the ship's hull is determined by the value of the 

maximum relative plastic elongations of the beam ma-

terial in the area of the dent, the on-board intelligent 

system has to monitor these elongations. The operation 

of the local strength control unit of the on-board intel-

ligent system in real time requires the use of calcula-

tion methods that ensure minimal expenditure of com-

puting power while maintaining satisfactory accuracy 

of the result obtained. With such tough restrictions, the 

use of generally accepted methods, for example FEM, 

is not always possible, since the calculation time for 

most practical tasks is an order of magnitude longer 

than when using engineering methods [5-7, 10]. 

These make it possible to significantly reduce the 

number of unknown variables that should be deter-

mined in the process of structure deformation analysis 

in comparison with numerical calculation methods, 

and provide the ability to analyze the structures defor-

mation beyond the elastic limit in real time mode. The 

implementation of such a unit in the on-board intelli-

gent operational strength monitoring system will allow 

the navigator to make timely decisions to change the 

vessel's operating mode, for example, to stop fishing in 

glagons. This will not only reduce the amount of dam-

age to ship hull structures, but would also prevent the 

loss of ships, as was the case, for example, with the 

large fishing freezer trawler “Kapitan Bolsunovsky” 

that carried out fishing in conditions of glagons impact 

on the hull [11]. The analysis showed that the use  

of engineering methods in the tasks of studying the 

deformation of beam structures of ship hulls instead  

of numerical methods enables to reduce the calculation 

time by one to two orders of magnitude, depending on 

the specific problem, while maintaining the required 

accuracy. 

 

The setting of the problem 

The accuracy of engineering calculations is directly 

related to taking into account the physical and geomet-

ric features of the deformation of hull structures. The 

more fully the main dominant factors are taken into 

account, the more accurate the result will be. Let us 

consider the problem of deforming a locally loaded 

ship grillage (Fig. 2, a). We will build the solution 

based on the hypothesis “about the instantaneous 

opening of plastic hinges” [10]. A similar problem has 

already been considered in [5-7] under the assumption 

that the frames adjacent to the loaded one do not un-

dergo deformation. 
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 a b 

 

Fig. 2. Side grillage in the process of loading: a – loading scheme; b – longitudinal forces in the grillage elements 

 

Let us complicate this task by assuming that an in-

crease in load leads to deformation of the frames adja-

cent to the loaded one. In this case, after the formation 

of the collapse zone, longitudinal forces will arise [7], 

which will act on adjacent frames (Fig. 2, b). The 

magnitude of longitudinal forces directed both along the 

loaded frame (T1) and in the transverse direction (T2) 

can be assessed by dividing the structure into rigid and 

flexible connections according to the method described 

in [10]. Taking into account the sharp attenuation  

of longitudinal forces, it can be assumed that taking 

into account the deformation of the first pair of adja-

cent frames (No. 1 in Fig. 2, b) can be limited to de-

termining the collapse pattern of the grillage. In prin-

ciple, using a similar scheme, it is possible to consider 

the influence of deformation of frames more distant 

from the loading site (No. 2 in Fig. 2, b). 

The purpose of this study, in accordance with the 

above, is to develop a methodology that allows us to 

take into account the effect of subsidence of frames 

adjacent to the loaded frame on the deformation  

of a locally loaded side grillage, and to evaluate the 

possibility of its use in the local strength monitoring 

unit of the on-board intelligent system. 

Under the action of an intense locally distributed 

load on the frame of the ship side grillage, it will deform 

along with the vessel shell plating that acts as an elastic-

plastic base and at the same time is an attached girdle. 

In this case, the design diagram of the loaded frame will 

have the form of a beam lying on an elastic-plastic base 

with sequential inclusion of rigidities [5, 7]. In this case, 

the frames adjacent to the loaded frame will also be 

deformed due to the action of longitudinal thrust forces 

(Fig. 3). 

 

 
 

Fig. 3. Scheme of transferring forces to an adjacent frame 

 

This will lead to a decrease in the rigidity of the 

base of the loaded frame and an increase in its deflec-

tions. It should be noted that the greatest decrease in 

the rigidity of the base of the loaded frame will be ob-

served at the point of loading, since here the deflec-

tions of the adjacent frame will be maximum. As you 

move away from the loading site, the decrease in the 

rigidity of the loaded frame will be less pronounced, 

since as you move away from the center of loading, 

the deflections of adjacent frames will also decrease. 

Thus, the elastic-plastic base on which the loaded 

frame lies will be a base with sequential inclusion  

of rigidities, and its parameters will continuously 

change along the length of the loaded frame. However, 

to a first approximation, the loaded frame can be divid-

ed into a number of sections, within which it will lie on 

a foundation with sequential inclusion of rigidities, the 

parameters of which remain unchanged within the sec-

tion, i.e. use the calculation schemes outlined in [5-7]. 

 

Development of calculation methods 

Let us consider the deformation of the frame adja-

cent to the loaded frame. As a first approximation, we 

can assume that the load acting on the adjacent frame 

is applied according to the trapezoidal law (Fig. 4). 

The intensity of the load on the frame adjacent to the 

loaded frame is determined from the condition 

01

3 max

,
wq

q w
=  

where w0 is the deflection of the loaded frame at the 

point where the load is applied; wmax – deflection  

of the loaded frame at the location of the maximum 
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bending moment. 

Considering that in the area of maximum bending 

moment the shear force is zero, the load intensity of the 

intermediate frame can be found from the condition: 

1 2
max4 ,

2

q q
l P

+
=  

where lmax is the distance from the loading point to the 

maximum bending moment. 

After the transformations you can find: 

( )
0

1

max 0 max

;
2

Pw
q

l w w
=

+
 

( )
max

3

max 0 max

.
2

Pw
q

l w w
=

+
 

The design diagram of the frame adjacent to the 

loaded one can be considered as a beam lying on an 

elastic-plastic base with variable rigidity. The charac-

teristics of this elastic-plastic base are determined by 

considering the deformation of a cantilever beam-strip 

in a state of complex bending. 

In the elastic stage of operation of a cantilever 

beam-strip, its deflection can be determined from the 

expression 

( )3 2

1

1
(4 ),

3

Ra
f f u

EI

−µ
=  

where 
( )

1 3

3 th
(2 )

u u
f u

u

−
=  is the complex bending 

function; 
( )2
1 µ

2

T a
u

EI

−
= ⋅  – argument of the com-

plex bending function; a – transverse spacing. 

 

 
 

Fig. 4. Calculation scheme of the frame adjacent to the loaded 

 

The rigidity coefficient of the elastic base in this 

case is determined by the formula 

( )3 2

1

3
,

1 (4 )

R EI
K

fb a f u b
= =

−µ
 

where b is the width of the beam-strip. 

For a plastic string, deflections can be determined 

from the expression 

0

.
Ra

f
T

=  

Accordingly, the base stiffness coefficient can be 

found from the expression 

0 .
TR

K
fb ab

= =  

It should be noted that the magnitude of the longi-

tudinal forces acting in the cantilever beams-strips 

separated from the outer shell and supporting the 

frame adjacent to the loaded one changes when mov-

ing along the frame. It is of greatest importance at the 

point of loading, gradually decreasing with distance 

from it. In addition, this force depends on the magnitude 

of the external load applied to the frame. Thus, the 

frame adjacent to the loaded one at each loading stage 

should be considered as a beam lying on a base with  

a rigidity variable along the length of the beam, i.e. 

K = f(z). 

To calculate such a beam, along with the methods 

presented in [12], an approach can be used that in-

volves dividing the beam into separate sections, within 

which the rigidity of the base is assumed to be con-

stant. At the same time, with an increase in the number 

of sections, the accuracy of the calculation also in-

creases, however, as the analysis shows, in most prob-

lems with accuracy sufficient for practical use, one can 

limit oneself to dividing the beam into three sections. 

In accordance with the above, to determine the de-

flection of the frame adjacent to the loaded one, we 

divide it into three sections, two of which are beams  

of finite length, lying on an elastic-plastic base, and 

the third is semi-infinite (Fig. 5). Fictitious supports 

are shown at the boundaries of the plots. 
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Fig. 5. Calculation scheme for determining the drawdown adjacent to the loaded frame 

 

The equation of the elastic line of each of the sec-

tions, within which the rigidity of the base is assumed 

to be constant, is determined by the known dependen-

cies presented, for example, in [12]. The integration 

constants included in these expressions are determined 

from the boundary conditions, taking into account the 

continuity of the functions of the main bending param-

eters at the locations of the fictitious supports. 

It is advisable to carry out the calculation of the 

frame adjacent to the loaded frame using the hypothe-

sis of “instantaneous opening of plastic hinges”. As the 

load on the adjacent frame increases, a plastic hinge 

will form in the center of the load (Fig. 6), while fur-

ther calculations are carried out according to the 

scheme outlined above, taking into account the 

changed boundary conditions. 

 

 
 

Fig. 6. Calculation scheme of the adjacent frame after the formation of a plastic hinge 

 
The scheme for correcting the rigidity of the elas-

tic-plastic base of the frame is shown in Fig. 7. The 

following notations are used in the figure: 1 – force-

deflection relationship of a beam-strip of a shell plate 

lying on rigid supports; 2 – approximation of the 

force-deflection relationship of a beam-sheathing strip 

without subsidence of supports; 3 – approximation 

taking into account the settlement of frames adjacent 

to the loaded one; wadj – deflection of the frame adja-

cent to the loaded one, determined according to the 

dependencies presented above; wl – deflection of the 

loaded frame; w1 – deflection, at which there is  

a change in the rigidity of the elastic-plastic base of the 

loaded frame without taking into account the subsid-

ence of frames adjacent to the loaded one; w1k – de-

flection, at which there is a change in the rigidity  

of the elastic-plastic base of the loaded frame, taking 

into account the subsidence of the frames adjacent to 

the loaded frame. The use of this calculation method 

makes it possible to determine the deflections of local-

ly loaded frames, taking into account the deformation 

of beams adjacent to the loaded one. 



Vestnik of Astrakhan State Technical University.  

Series: Marine engineering and technologies. 2023. N. 4 

ISSN 2073-1574 (Print), ISSN 2225-0352 (Online) 

Shipbuilding, ship repair and fleet operation 

 

 
 

13 

B
u

rak
o

v
sk

iy
 E

. P
., B

u
rak

o
v

sk
iy

 P
. E

., V
erev

o
ch

k
in

 A
. V

., Y
u

sy
p

 V
. M

. O
n
 th

e issu
e o

f ch
o
o

sin
g

 calcu
latio

n
 m

eth
o

d
s in

 p
ro

b
lem

s o
f m

o
n

ito
rin

g
 lo

cal stren
g

th
 in

 o
n

-b
o

ard
 in

tellig
en

t sy
stem

s
 

 
 

Fig. 7. Scheme for correcting the rigidity of the elastic-plastic base of the loaded frame 

 

Results and discussion 

The results obtained were compared with the re-

sults of FEM calculations using the ANSYS software 

package (Fig. 8). 
 

 
 

Fig. 8. General view of the deformed side grillage 

 

Figure 9 shows the distribution of plastic elonga-

tions at the loading site. The figure shows a strong 

localization of these elongations that confirms the ad-

visability of using the concept of a plastic hinge [13] 

when solving such problems. 

 

 
 

Fig. 9. Plastic elongations at the point of loading of the side grillage 
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Figure 10 presents a comparison of the calculation 

results using the methodology developed by the au-

thors and using FEM using the ANSYS software pack-

age. As can be seen from Fig. 10, there is good agree-

ment between the results. 

 

 
 

Fig. 10. Comparison of calculation results according to the proposed method and using the FEM 

 

Conclusions 

The analysis showed that one of the promising 

ways to increase the efficiency of fleet operation and 

navigation safety is the use of on-board intelligent 

strength monitoring systems. Their development re-

quires calculation methods that allow strength assess-

ment with minimal consumption of computing power. 

The calculation results using the developed method are 

in good correspondence with those obtained using 

FEM that allows us to recommend the presented meth-

od for practical use, for example, when implementing 

a local strength monitoring unit in on-board intelligent 

systems in real time. 
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