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The article offers and justifies a method for solving a problem of optimal design of bent

rods exposed to aggressive media. The problems of such class have special place among

the problems of optimal design, which is explained by the fact that modeling corrosion

deformation in structural elements requires solving not only the equations of solid mechanics,

but also the system of differential equations describing the accumulation of geometric

damage and including stress functions. The authors analyze existing approaches to solving

these problem and problems of these approaches. On the basis of this analysis a

fundamentally different approach to solving some problems of optimal design of bending

rod elements that function in aggressive media is proposed, the statement of a problem,

the numerical solution of which requires much less computational cost, and the result is

the same as for the traditional problem statement, is proposed and justified. The authors

consider a problem of vector optimization by two criteria: minimum area and perimeter of

a cross-section at the time of exhaustion of the bearing capacity. The objective function

includes the weight coefficient , taking into account the influence of cross-sectional

perimeter. A modified scheme for solving the optimization problem is created, which

involves a module for one-dimensional optimization by parameter . The proposed method

is based on the assumption that there is only one value of the coefficient of perimeter

influence, for which the solutions of problems in both traditional and new statements

coincide. To compare these results correctly, it is necessary for a cross-section to be

represented in both statements by a set of rectangular fragments both at an initial time and

at a time corresponding to the limit state, so the model of corroding equivalent cross-

section is used. A numerical illustration demonstrates almost complete coincidence of the

solutions for both problem statements. At the same time utilization of developed method

allows reducing the computational cost by several orders of magnitude compared to

traditional methods for solving problems of this class.
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Statement of the problem

Problems of optimization of structures exposed
to aggressive media have special place among the
problems of optimal design. This is explained by the
fact that the equations of solid mechanics of are not
enough to calculate the constraint functions. The
influence of aggressive media causes destruction of
a surface layer of metal (corrosive wear) and,
consequently, changes in initial geometric
characteristics of structural elements. As noted in
many works of Ukrainian and foreign researchers,
mechanical stresses significantly accelerate the

corrosion process [1–5]. In this case, a model of
corrosion deformation of a structure is necessary for
calculation of constraint functions. In its most general
form, it consists of a system of differential equations
(SDU) describing the accumulation of geometric
damage and including stress functions, and a system
of mechanical equations for calculation of the stress-
strain state (SSS). The dimension of a SDU is
determined by a number of parameters that allows a
researcher to find a unique solution, which defines
the geometric characteristics of a structure at any
given time. When modeling the process of corrosive
deformation in real structures, only the numerical
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solution of SDU is possible.
Thus, the problem of optimal design of

corroding structures consists of two related tasks: to
reduce computational costs and to ensure a required
accuracy of the result. Previously, these tasks were
accomplished by adapting numerical optimization
methods and methods of solving systems of
differential equations to the class of problems under
consideration, including the creation of error control
algorithms based on artificial neural networks
(ANNs). This approach has partially solved the
problems of accuracy and efficiency, but in general
they still remain relevant.

This paper proposes a fundamentally different
approach to solving some problems of optimal design
of bending rod elements that function in aggressive
media. The authors propose and justify the statement
of a problem, the numerical solution of which
requires much less computational cost, and the result
is the same as for the traditional problem statement.

Analysis of recent research and publications

As noted above, the main ways to reduce
computational costs in solving problems of optimal
design of corroding structures were modifications of
numerical methods of mathematical programming
and methods for solving systems of differential
equations. Considering the first approach, it is
necessary to note the work [6] dedicated to the
modification of the flexible tolerance method. The
paper proposed to consider the integration step for
SDU (and, consequently, its solution error) as a
decreasing function of the iteration number in solving
the problem of mathematical programming. This
approach significantly reduced the computational
cost, especially at the initial iterations, due to the
relatively high error in the computation of constraint
functions. However, it was impossible to predict a
solution error since the influence of factors other
than integration step value remained unexplored.
These factors are the initial stress value, the
parameters of an aggressive medium and the
characteristics of cross-sections of rod elements
(shape, area and perimeter). Later in [7,8]
information about the influence of these factors on
the error of SDU solution was formalized using
artificial neural networks. The use of ANNs made it
possible to determine an integration step value for a
SDU while solving the problem, depending on the
required accuracy of a solution.

In the last decade, numerical-analytical
methods have been used in the calculation of
constraint functions [9], increasing efficiency due to
a reasonable change in the integration step in the
process of solving a SDU.

All of these modifications have improved the
efficiency of computations, which allowed the
researchers to solve a number of complex applied
problems, but in general the problem of optimal
design of corroding structures remains relevant.

A characteristic feature of bending rod elements
is that corrosion leads to a change not only in size
but also in shape of a section [9]. The reason is the
uneven distribution of stress across the height of a
section. As a result, firstly, the number of parameters
that determine the geometric characteristics of a
section at random moment of time increases, and,
secondly, for a random section, it has not yet been
possible to obtain user-friendly analytical
dependences that allow a researcher to determine
the durability of an element. In the study of such
structures, the use of the above modifications of
computational procedures is not possible.

The fact of the influence of cross-section
perimeter of a bent corroding rod on its optimal
parameters was described, for example, in [10]. In
this paper a new problem statement, which makes it
possible to determine the optimal parameters of a
rod with rectangular cross-section, was also proposed.

Formulation of the research objectives

As an object of research in this article rod
elements (beams) in conditions of pure bending
intended for operation in aggressive media are
considered. For certainty, we will consider the I-
beam. The weight optimization problem is formulated
as follows: it is required to determine the dimensions
of a beam cross-section so that its area is minimal
and for a given time a beam retains its load-bearing
capacity. In the form of a problem of nonlinear
mathematical programming, this formulation under
strength constraints has the form:

  DA x min;  x X  ;

      n

DX : x E g x x, t * 0     .  (1)

Here  T0000 T;D;B;Hx  is the vector of variable
parameters; A is the cross-sectional area of a rod
element;  and [] are the current and the limit
values of stress; t* is the specified service life.

As a model of geometric damage accumulation,
the following differential equation will be
used [11,12]:

 i
0 t 0

d
v 1 k ; 0

dt



      ,  (2)

where i is the depth of corrosion damage (damage
parameter); v0 is the corrosion rate in the absence of
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stress; k is the coefficient of stress influence on the
rate of corrosion process; t is time.

The possibility of using equation (2) in modeling
the processes of corrosion deformation is justified in
the monograph [9,13].

The calculation of constraint functions (CF)
involves the calculation of the stress state in a cross-
section at a given time, taking into account the
corrosion process occurring in it.

Models of corroding cross-sections under pure
bending conditions are described in detail in [9].
Main provisions necessary to solve the problem are
described below.

Two parameters are enough to determine the
size and shape of a section at given time: 1 and
2 (Fig. 1).

Fig. 1. I-beam cross-section

The system of differential equations for these
parameters has a form:

   

   

1
0 1 1

2
0 2 2

d
v 1 k ; 0 0;

dt

d
v 1 k ; 0 0.

dt

     

     



  
(3)

Stresses 1 and 2 are calculated according to
formulas:

 0 1

1

M H 2T 2
;

2I

  
 

 0 2

2

M H 2
,

2I

 
   (4)

where a value of the cross-sectional moment of inertia
is determined as follows:

   

 

 
 

3 3

0 2 0 0 1

0 0 2

3

0 0 1

0 0 1

H 2 H 2T 2

B 0,5v t 1,51
I .

12 H 2T 2

D 0,5v t 1,5

          
      

  
     
 
     

 (5)

Thus, the computation of constraint functions
in the optimization problem involves solving
numerically the system of differential equations (3)
together with the equations (4) and (5). A scheme
for solving the optimization problem is a two-circuit
scheme (Fig. 2) where OF is a module for
computation of objective function; CF is a module
for computation of constraint function; PR is a
module for recalculation of cross-sectional
parameters; NLP is a module for solutions of the
nonlinear programming problem.

Fig. 2. Two-circuit scheme for solving the optimization

problem

The presence of feedback significantly increases
a computational cost of solving the optimization
problem and sensitivity to errors in the calculation
of a constraint function. Nevertheless, it is possible
to obtain a strict solution of the optimization problem
only in this way.

On the other hand, an alternative approach to
solving optimization problems for corroding structures
has been used for more than 20 years. It consists in
finding an optimal solution for a neutral medium
with subsequent restoration of a sacrificial metal
layer [14] (Fig. 3).

Fig. 3. Scheme for solving the optimization problem with

separate sequential circuits
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Here SDU is a module for solving a system of
differential equations.

Variable parameters in this case are the
dimensions of a cross-section at the time of
exhaustion of the bearing capacity:

 Ttttt T;D;B;Hx  . With regard to the object of this

study, a formulation of the problem in this approach
is the following:

  DA x min;  x X  ;

      n

DX : x E g x x 0     .  (6)

In this case, the strength constraint can be used
as a coupling equation, and formally the problem
takes a form of an unconditional optimization
problem with three variable parameters. The system
of differential equations is solved only once. Despite
the fact that the advantages of this approach are
obvious from the point of view of computational
costs, it is not a complete alternative to the traditional
formulation of the problem for the following reasons.

1. In reality, the dimensions of an I-beam cross-
section are determined by the structural constraints
(the boundaries of variation of the variable
parameters) and the coupling equation (the strength
constraint), so they are not optimal in the
conventional sense of the word. Since the
constructive constraints are determined by a person
who sets a task, the only solution of the problem (6)
does not exist at all.

2. The problem statement (1) assumes that at
the initial moment of time a cross-section is
represented by rectangular fragments. Since the stress
varies linearly in a height of a cross-section, at the
moment of exhaustion of the bearing capacity it loses
its initial form (Fig. 1). Obviously, when building a
sacrificial layer of metal (solution of the system (3)
when changing the sign in the right parts) on a cross-
section, the dimensions of which will be determined
from a solution of the problem (6), at the initial
moment of time it won’t also be represented by
rectangular fragments. Therefore, it is not possible to
make a correct comparison of results obtained by solving
optimization problems in statements (1) and (6).

3. An optimal solution of the problem in the
statement (1) is significantly influenced by the
perimeter of a cross-section P, which is implicitly
included in the constraint function. The change in
the cross-sectional area A due to corrosion will be
determined by the formula

  
t*

0

P 0

A v 1 k P, t dP dt     .  (7)

At the same time, the statement (6) completely
ignores this fact.

The objective of this work is to develop a
method that will allow obtaining the same results as
in the statement (1) at minimal computational cost
required to solve a problem in the formulation (6).

An outline of the main research material

We consider a problem of vector optimization
by two criteria: minimum area and perimeter of a
cross-section at the time of exhaustion of the bearing
capacity:

   

   
D

P x P
G x

P P

A x A
1 min; x X ;

A A



 



 


  




   


      n

DX : x E g x x 0 .       (8)

Here  is the weight coefficient, taking into
account the influence of cross-sectional perimeter
([0;1]); P–, P+, A–, A+ is, respectively, the smallest
and the largest of values that perimeter and area can
take in a given range of variable parameter values.

Same as in the statement (6), found optimal
cross-section sizes are increased by a value
corresponding to the sacrificial metal layer. Therefore,
there is a modified scheme for solving the
optimization problem, presented in figure 4, where
an additional block ODO is a module for one-
dimensional optimization by parameter .

Fig. 4. A modified scheme for solving the optimization

problem

The proposed method is based on the following
assumption: there is only one value of the coefficient
of perimeter influence, for which the solutions of
problems in the statements (1) and (8) coincide.
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To confirm the validity of this thesis it is
necessary to eliminate problems arising while solving
the problem in the statement (6).

Problems of constructive constraints and
ignoring the perimeter of a cross-section are
eliminated by the problem statement itself.

To compare results correctly, it is necessary
for a cross-section to be represented in both
statements by a set of rectangular fragments both at
an initial time and at a time corresponding to the
limit state. In this case, it is proposed to use a model
of corroding equivalent cross-section – a section
that at any time retains its shape, and a value of its
moment of inertia is equal to a moment of inertia of
a cross-section with a changed shape. This is achieved
by introducing a coefficient for stress averaging over
a cross-section height. In particular, for the damage
accumulation model (2), this coefficient is 0.75. A
detailed description for the model of corroding
equivalent cross-section is given in [9]. Using this
model, a system of differential equations describing
the change in size of an I-beam cross-section (Fig. 5)
takes the form:

   

   

   

    

1
0 1 1

2
0 2 2

1eq

0 1 1 eq

2eq

0 1 2 2eq

d
v 1 k ;  0 0;

dt

d
v 1 k ;  0 0;

dt

d
v 1 0,75k ;  0 0;

dt

d
v 1 0,5k ;  0 0.

dt

     

     


      

       


 (9)

When the sacrificial metal layer is restored, signs
on the right side of the system (9) are reversed.

The cross-sectional moment of inertia for this
model is determined by the formula:

   

 
   

3 3

0 2 0 0 1

eq 0 2eq

3

0 0 1 0 1eq

H 2 H 2T 2

1
I B 2 .

12

H 2T 2 D 2

          
 

     
 
      
 

(10)

Fig. 5. Equivalent I-beam cross-section

For a numerical illustration, a beam of I-section
was considered, and its geometric dimensions varied
in the intervals: 5.0H10.0 (cm), 1.0B4.0 (cm),

0.1D2.5 (cm), 1.0T2.5 (cm). The value of the
bending moment M=100 kNcm, corrosion rate in
the absence of stress 0=0.1 cm/year, the coefficient
of stress influence on the corrosion rate, the ultimate
stress []=240 MPa. The durability of the structure
varied in the range from 1 to 5 years to evaluate the
optimal solution with varying degrees of
aggressiveness of a medium.

It is obvious that the comparison of results of
solving problems (1) and (8)–(9) is possible only
when methods of their solution guarantee a global
extremum. Since the number of variable parameters
is small, the brute force method was used in this
paper. The parameters of computational procedures
were chosen in such a way that maximum permissible
errors in solution of the system of differential
equations (9) and optimization problems themselves
in both statements were the same. In particular, a
spatial grid with the uniform distance between nodes
equal to 0.01 of the length of the change interval for
each variable parameter was used to solve the global
optimization problem by the brute force method.
The step for solving the SDE numerically was taken
to be ht=0.002t*.

The solution of the problem in the statement (1)
was taken as a reference.

In particular, for t*=5.0 years the following
optimal solution for the initial time was obtained:

 Tx 7,38;2,1754;1, 2176;2,3626 ; A=13.5117 cm2.

At the time of destruction, the dimensions of the
cross-section were the following:

 Ttx 6,0725;0,8679;0,1001;1,1304 . The maximum

stress value in the cross-section was t=239.99 MPa.
The analysis of the obtained solution leads to the
conclusion that an optimal design is determined,
among other factors, by a strength restriction and a
lower limit for a structural restriction on the
parameter D (Fig. 3). Similar conclusions follow
from the analysis of solutions obtained for other
values of t*.

When solving the problem in the statement (8)–
(9), the number of variable parameters of the internal
optimization problem was reduced to two due to the
use of a coupling equation and taking into account
the information obtained while solving the previous
problem.

The results of solving the internal optimization
problem are shown in table 1 for t*=5.0 years.

The bottom row of the table shows the results
of external optimization by parameter . The internal
optimization problem was solved by the method of
parabolas.
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The discrepancy between the solution results
on the value of cross-sectional area at the initial
time was 0.32%. This result can be considered quite
satisfactory taking into account the fact that in the
numerical implementation for both statements there
were errors of the brute force method, the solution
of systems of differential equations and, for the
second formulation, the parabolas method used for
external optimization.

Table  1

Optimal solutions for different values of parameter 

 H, cm B, cm D, cm T, cm A, cm2 

0.200 

0.220 

0.240 

0.260 

0.280 

0.300 

7.75717 

7.62171 

7.50174 

7.39450 

7.29791 

7.21040 

2.14737 

2.16506 

2.18154 

2.19697 

2.21151 

2.22522 

1.22975 

1.22763 

1.22542 

1.22313 

1.22080 

1.21841 

2.22379 

2.25665 

2.28755 

2.31682 

2.34471 

2.37145 

13.62059 

13.58758 

13.56713 

13.55690 

13.55512 

13.56044 

0.275 7.32110 2.20796 1.22138 2.33787 13.55486 

 
When solving the problem in the statement (1)

with the above parameters of the computational
method, SDU (9) was solved numerically
103183209 times, while in the formulation (8)–(9)
it was solved only 11 times.

In table 2 the results of solving the problem in
two statements with different values of the parameter
of medium aggressiveness v0t are shown. Here are
the optimal values of the coefficient of perimeter
influence , the values of cross-sectional areas: A1

and A2 obtained while solving problems in
statements (1) and (8)–(9) respectively, and the
values of discrepancy of the results.

Table  2

Optimal solutions for different values of parameter 0t

0t, cm  A1, cm
2
 A2, cm

2
 , % 

0.1 0.106 4.338 4.343 0.12 

0.2 0.169 6.665 6.674 0.14 

0.3 0.214 8.327 8.342 0.18 

0.4 0.248 11.196 11.226 0.27 

0.5 0.275 13.512 13.555 0.32 

 

These results confirm almost complete
coincidence of the solutions for both problem
statements.

Conclusions

A new method for solving a class of problems
of optimal design of corroding structural elements is
proposed and justified. It makes it possible to solve
the problem of search for optimum parameters of a
cross-section as a lower-dimension two-criterion

problem of unconstrained optimization (the criteria
are minimum area and perimeter of a cross-section).
The solution of this problem is followed by the
restoration of a sacrificial metal layer at a given value
of the parameter , which is the coefficient of
perimeter influence (internal optimization), and one-
dimensional optimization of this parameter (external
optimization). Analysis of the results of numerical
experiments confirms the fact of reducing the
computational cost by several orders of magnitude
compared to traditional methods for solving problems
of this class. Further increase in efficiency of the
proposed method can be achieved, according to the
authors, by approximating the dependence of the
coefficient of perimeter influence on a degree of
aggressiveness of a medium and a value of an applied
load. In this case, there is no need to solve the
problem of external optimization.
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ÌÅÒÎÄ ÐÎÇÂ’ßÇÀÍÍß ÇÀÄÀ× ÎÏÒÈÌ²ÇÀÖ²¯
ÇÃÈÍÍÈÕ ÑÒÐÈÆÍ²Â Ç ÓÐÀÕÓÂÀÍÍßÌ
ÊÎÐÎÇ²ÉÍÎÃÎ ÇÍÎÑÓ

Çåëåíöîâ Ä.Ã., Äåíèñþê Î.Ð.

Ó ñòàòò³ ïðîïîíóºòüñÿ ³ îá´ðóíòîâóºòüñÿ ìåòîä ðîç-
â’ÿçàííÿ çàäà÷³ îïòèìàëüíîãî ïðîåêòóâàííÿ çãèííèõ ñòðèæí³â,
ùî çíàõîäÿòüñÿ ï³ä âïëèâîì àãðåñèâíèõ ñåðåäîâèù. Çàäà÷³ òà-
êîãî êëàñó çàéìàþòü îñîáëèâå ì³ñöå ñåðåä çàäà÷ îïòèìàëüíîãî
ïðîåêòóâàííÿ, ùî ïîÿñíþºòüñÿ òèì, ùî ìîäåëþâàííÿ êîðîç³é-
íî¿ äåôîðìàö³¿ â åëåìåíòàõ êîíñòðóêö³¿ âèìàãàº ðîçâ’ÿçàííÿ íå
ò³ëüêè ð³âíÿíü ìåõàí³êè òâåðäîãî ò³ëà, àëå ³ ñèñòåìè äèôåðåí-
ö³àëüíèõ ð³âíÿíü, ùî îïèñóþòü íàêîïè÷åííÿ ãåîìåòðè÷íèõ ïî-
øêîäæåíü ³ âêëþ÷àþòü â ñåáå ôóíêö³¿ íàïðóæåíü. Àâòîðè àíà-
ë³çóþòü ³ñíóþ÷³ ï³äõîäè äî ðîçâ’ÿçàííÿ ïîä³áíèõ çàäà÷ ³ ïðîáëå-
ìè, ùî âèíèêàþòü ïðè ¿õ âèêîðèñòàíí³. Íà îñíîâ³ âèêîíàíîãî
àíàë³çó çàïðîïîíîâàíî ïðèíöèïîâî ³íøèé ï³äõ³ä äî ðîçâ’ÿçàííÿ
äåÿêèõ çàäà÷ îïòèìàëüíîãî ïðîåêòóâàííÿ çãèííèõ ñòðèæíåâèõ
åëåìåíò³â, ùî ôóíêö³îíóþòü â àãðåñèâíèõ ñåðåäîâèùàõ, à òà-
êîæ çàïðîïîíîâàíî ³ îá´ðóíòîâàíî ïîñòàíîâêó çàäà÷³, ÷èñå-
ëüíèé ðîçâ’ÿçîê ÿêî¿ âèìàãàº íàáàãàòî ìåíøèõ îá÷èñëþâàëüíèõ
âèòðàò, à ðåçóëüòàò çá³ãàºòüñÿ ç òðàäèö³éíîþ ïîñòàíîâêîþ.
Àâòîðè ðîçãëÿäàþòü çàäà÷ó âåêòîðíî¿ îïòèì³çàö³¿ çà äâîìà
êðèòåð³ÿìè: ì³í³ìàëüíî¿ ïëîù³ ³ ïåðèìåòðà ïîïåðå÷íîãî ïåðå-
ð³çó â ìîìåíò âè÷åðïàííÿ íåñó÷î¿ çäàòíîñò³. Ö³ëüîâà ôóíêö³ÿ
âêëþ÷àº â ñåáå âàãîâèé êîåô³ö³ºíò , ùî âðàõîâóº âïëèâ ïåðè-
ìåòðà ïîïåðå÷íîãî ïåðåð³çó. Ñòâîðåíà ìîäèô³êîâàíà ñõåìà ðîç-
â’ÿçàííÿ çàäà÷³ îïòèì³çàö³¿, ùî âêëþ÷àº ìîäóëü îäíîâèì³ðíî¿
îïòèì³çàö³¿ çà ïàðàìåòðîì . Çàïðîïîíîâàíèé ñïîñ³á çàñíîâà-
íèé íà ïðèïóùåíí³, ùî ³ñíóº ò³ëüêè îäíå çíà÷åííÿ êîåô³ö³ºíòà
âïëèâó ïåðèìåòðà, ïðè ÿêîìó ðîçâ’ÿçêè çàäà÷³ ÿê â òðàäèö³éí³é,
òàê ³ â íîâ³é ïîñòàíîâêàõ çá³ãàþòüñÿ. Äëÿ ïðàâèëüíîãî ïî-
ð³âíÿííÿ öèõ ðåçóëüòàò³â íåîáõ³äíî, ùîá ïåðåð³ç áóëî íàäàíî â
îáîõ ïîñòàíîâêàõ íàáîðîì ïðÿìîêóòíèõ ôðàãìåíò³â ÿê â ïî-
÷àòêîâèé ìîìåíò ÷àñó, òàê ³ â ìîìåíò, ùî â³äïîâ³äàº ãðàíè-
÷íîìó ñòàíó, òîìó âèêîðèñòîâóºòüñÿ ìîäåëü êîðîäóþ÷îãî
åêâ³âàëåíòíîãî ïåðåð³çó. ×èñåëüíà ³ëþñòðàö³ÿ äåìîíñòðóº
ìàéæå ïîâíèé çá³ã ðîçâ’ÿçê³â äëÿ îáîõ ïîñòàíîâîê çàäà÷³. Ó

òîé æå ÷àñ, âèêîðèñòàííÿ ðîçðîáëåíîãî ìåòîäó äîçâîëÿº çíè-
çèòè îá÷èñëþâàëüí³ âèòðàòè íà ê³ëüêà ïîðÿäê³â â ïîð³âíÿíí³ ç
òðàäèö³éíèìè ìåòîäàìè ðîçâ’ÿçàííÿ çàäà÷ öüîãî êëàñó.

Êëþ÷îâ³ ñëîâà: îïòèìàëüíå ïðîåêòóâàííÿ, àãðåñèâíå
ñåðåäîâèùå, ìîäåëü êîðîäóþ÷îãî ïåðåð³çó, ñèñòåìà
äèôåðåíö³àëüíèõ ð³âíÿíü.
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Â ñòàòüå ïðåäëàãàåòñÿ è îáîñíîâûâàåòñÿ ìåòîä ðåøå-
íèÿ çàäà÷è îïòèìàëüíîãî ïðîåêòèðîâàíèÿ èçãèáàåìûõ ñòåðæ-
íåé, ïîäâåðæåííûõ âîçäåéñòâèþ àãðåññèâíûõ ñðåä. Çàäà÷è òà-
êîãî êëàññà çàíèìàþò îñîáîå ìåñòî ñðåäè çàäà÷ îïòèìàëüíîãî
ïðîåêòèðîâàíèÿ, ÷òî îáúÿñíÿåòñÿ òåì, ÷òî ìîäåëèðîâàíèå
êîððîçèîííîé äåôîðìàöèè â ýëåìåíòàõ êîíñòðóêöèè òðåáóåò
ðåøåíèÿ íå òîëüêî óðàâíåíèé ìåõàíèêè òâåðäîãî òåëà, íî è
ñèñòåìû äèôôåðåíöèàëüíûõ óðàâíåíèé, îïèñûâàþùèõ íàêîï-
ëåíèå ãåîìåòðè÷åñêèõ ïîâðåæäåíèé è âêëþ÷àþùèõ â ñåáÿ ôóí-
êöèè íàïðÿæåíèé. Àâòîðû àíàëèçèðóþò ñóùåñòâóþùèå ïîä-
õîäû ê ðåøåíèþ ïîäîáíûõ çàäà÷ è âîçíèêàþùèå ïðè èõ èñïîëü-
çîâàíèè ïðîáëåìû. Íà îñíîâå ïðîâåäåííîãî àíàëèçà ïðåäëîæåí
ïðèíöèïèàëüíî èíîé ïîäõîä ê ðåøåíèþ íåêîòîðûõ çàäà÷ îïòè-
ìàëüíîãî ïðîåêòèðîâàíèÿ èçãèáàåìûõ ñòåðæíåâûõ ýëåìåíòîâ,
ôóíêöèîíèðóþùèõ â àãðåññèâíûõ ñðåäàõ, à òàêæå ïðåäëîæåíà
è îáîñíîâàíà ïîñòàíîâêà çàäà÷è, ÷èñëåííîå ðåøåíèå êîòîðîé
òðåáóåò ãîðàçäî ìåíüøèõ âû÷èñëèòåëüíûõ çàòðàò, à ðåçóëü-
òàò ñîâïàäàåò ñ òðàäèöèîííîé ïîñòàíîâêîé. Àâòîðû ðàññìàò-
ðèâàþò çàäà÷ó âåêòîðíîé îïòèìèçàöèè ïî äâóì êðèòåðèÿì:
ìèíèìàëüíîé ïëîùàäè è ïåðèìåòðó ïîïåðå÷íîãî ñå÷åíèÿ â ìî-
ìåíò èñ÷åðïàíèÿ íåñóùåé ñïîñîáíîñòè. Öåëåâàÿ ôóíêöèÿ âêëþ-
÷àåò â ñåáÿ âåñîâîé êîýôôèöèåíò , ó÷èòûâàþùèé âëèÿíèå
ïåðèìåòðà ïîïåðå÷íîãî ñå÷åíèÿ. Ñîçäàíà ìîäèôèöèðîâàííàÿ
ñõåìà ðåøåíèÿ çàäà÷è îïòèìèçàöèè, âêëþ÷àþùàÿ ìîäóëü îä-
íîìåðíîé îïòèìèçàöèè ïî ïàðàìåòðó . Ïðåäëàãàåìûé ñïîñîá
îñíîâàí íà ïðåäïîëîæåíèè, ÷òî ñóùåñòâóåò òîëüêî îäíî çíà-
÷åíèå êîýôôèöèåíòà âëèÿíèÿ ïåðèìåòðà, ïðè êîòîðîì ðåøå-
íèÿ çàäà÷è êàê â òðàäèöèîííîé, òàê è â íîâîé ïîñòàíîâêàõ
ñîâïàäàþò. Äëÿ ïðàâèëüíîãî ñðàâíåíèÿ ýòèõ ðåçóëüòàòîâ íå-
îáõîäèìî, ÷òîáû ñå÷åíèå áûëî ïðåäñòàâëåíî â îáåèõ ïîñòàíîâ-
êàõ íàáîðîì ïðÿìîóãîëüíûõ ôðàãìåíòîâ êàê â íà÷àëüíûé ìî-
ìåíò âðåìåíè, òàê è â ìîìåíò, ñîîòâåòñòâóþùèé ïðåäåëüíî-
ìó ñîñòîÿíèþ, ïîýòîìó èñïîëüçóåòñÿ ìîäåëü êîððîäèðóþùåãî
ýêâèâàëåíòíîãî ñå÷åíèÿ. ×èñëåííàÿ èëëþñòðàöèÿ äåìîíñòðè-
ðóåò ïî÷òè ïîëíîå ñîâïàäåíèå ðåøåíèé äëÿ îáåèõ ïîñòàíîâîê
çàäà÷è. Â òî æå âðåìÿ, èñïîëüçîâàíèå ðàçðàáîòàííîãî ìåòîäà
ïîçâîëÿåò ñíèçèòü âû÷èñëèòåëüíûå çàòðàòû íà íåñêîëüêî ïî-
ðÿäêîâ ïî ñðàâíåíèþ ñ òðàäèöèîííûìè ìåòîäàìè ðåøåíèÿ çà-
äà÷ ýòîãî êëàññà.

Êëþ÷åâûå ñëîâà: îïòèìàëüíîå ïðîåêòèðîâàíèå,
àãðåññèâíàÿ ñðåäà, ìîäåëü êîððîäèðóþùåãî ñå÷åíèÿ, ñèñòåìà
äèôôåðåíöèàëüíûõ óðàâíåíèé.
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A METHOD FOR SOLVING PROBLEMS OF BENDING
ROD OPTIMIZATION TAKING CORROSION INTO
ACCOUNT

Zelentsov D.G., Denysiuk O.R.

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

The article offers and justifies a method for solving a problem
of optimal design of bent rods exposed to aggressive media. The
problems of such class have special place among the problems of
optimal design, which is explained by the fact that modeling corrosion
deformation in structural elements requires solving not only the
equations of solid mechanics, but also the system of differential
equations describing the accumulation of geometric damage and
including stress functions. The authors analyze existing approaches
to solving these problem and problems of these approaches. On the
basis of this analysis a fundamentally different approach to solving
some problems of optimal design of bending rod elements that function
in aggressive media is proposed, the statement of a problem, the
numerical solution of which requires much less computational cost,
and the result is the same as for the traditional problem statement, is
proposed and justified. The authors consider a problem of vector
optimization by two criteria: minimum area and perimeter of a cross-
section at the time of exhaustion of the bearing capacity. The objective
function includes the weight coefficient , taking into account the
influence of cross-sectional perimeter. A modified scheme for solving
the optimization problem is created, which involves a module for
one-dimensional optimization by parameter . The proposed method
is based on the assumption that there is only one value of the coefficient
of perimeter influence, for which the solutions of problems in both
traditional and new statements coincide. To compare these results
correctly, it is necessary for a cross-section to be represented in both
statements by a set of rectangular fragments both at an initial time
and at a time corresponding to the limit state, so the model of corroding
equivalent cross-section is used. A numerical illustration demonstrates
almost complete coincidence of the solutions for both problem
statements. At the same time utilization of developed method allows
reducing the computational cost by several orders of magnitude
compared to traditional methods for solving problems of this class.

Keywords: optimal design, aggressive medium, model of
corroding cross-section, system of differential equations.
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