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The article offers and justifies a method for solving systems of differential equations (SDE)

that simulate time changes of stress and strain state due to the influence of corrosive

environment (the process of corrosion deformation). The objective of modelling is the

determination of the construction durability that is the time of its flawless operation. The

finite element model of the object under study determines dimension of SDE modelling

the process of corrosion deformation. The right-hand sides of the differential equations

contain functions of mechanical stresses. The finite element method is used to calculate

stresses. The proposed decomposition method is based on the transformation of the initial

differential equations by introducing functions describing the influence of the remaining

equations and the subsequent solution of one of these equations. Based on the analysis of

the factors influencing the stress change in the area of the given finite element, we propose

to introduce into the corresponding differential equation a function approximating the

change of internal forces over time. In this case, the discrepancy between the results of the

initial SDE solution and an individual equation is determined only by the error in

approximating the dependence of the internal force on time. The article shows that this

allows a multi-rate reduction of computational costs. In addition, for a numerical solution

of SDE, we propose to use a modified algorithm of the Euler method with a variable

integration step by argument. The result of the solution is determination of corrosive

construction durability, i.e. operating time before exhaustion of bearing capacity. To illustrate

the proposed method, we solved the problem of calculating the durability of a flat-plate

subjected to corrosive wear. The article provides the results of numerical experiments

confirming the accuracy of the proposed numerical solution with minimal computational

costs. The decomposition method for solving SDE, modelling the process of corrosion

deformation of plane-stressed plates, can be generalized to other classes of constructions.

Keywords: decomposition method, corrosive medium, process of corrosion deformation,

system of differential equations, plane-stress corroding plates.

Statement of the problem

When solving practical problems associated with
the finite element modelling of the corrosion
deformation process and predicting the durability of
metal constructions operating in corrosive
environments (CE), the problem of accuracy and
efficiency of computational methods and algorithms
becomes particularly important. In the general case,
modelling of changes in stress and strain state of a
construction in time due to the physical and chemical
processes occurring in its elements assumes a
numerical solution of the Cauchy problem for systems
of differential equations (SDE) describing the
accumulation of geometric damages. The finite

element model of the object under study determines
the dimension of the SDE. The increase in accuracy
due to the increase in the number of nodes of the
time grid leads to a sharp increase in computing
costs. In this article, we propose and justify the
method of solving SDE, based on the decomposition
of the system and allowing to achieve high accuracy
of the numerical solution with minimal
computational costs.

Analysis of recent research and publications

At the initial development stage of Corrosive
Structure Mechanics as an independent direction of
Construction Mechanics most works practically do
not pay attention to analyzing the accuracy of the
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obtained results. At best, only the method of solving
SDE is indicated [1]. Such a disregard for numerical
methods, and, especially, for estimation of their
accuracy, is probably caused by the fact that authors
were interested only in qualitative estimates.

The paper [2] should be considered one of the
first works, which gives recommendations for
choosing the parameters of the numerical solution
for SDE in the study of corroding plates. It was
proposed to take the length of the integration step
in time not more than 1/200 of the plate thickness
ratio to the corrosion rate in the absence of stresses.
These recommendations, however, do not take into
account such important factors affecting inaccuracy
of numerical solution as the value of stress at the
initial time and the rate of stress changes. In addition,
following these recommendations can lead to
excessive computational costs in the study of multi-
element constructions, especially for optimization
problems.

In later works, the increase in the efficiency
and accuracy of computational algorithms was
provided due to their modification including the use
of analytical dependencies between the parameters
of the cross section and the corrosive environment,
stress, limiting values of the corrosion depth and
time [3]. However, quantitative estimates of the errors
in solution were not given in these studies.

Obviously, one of the first papers devoted to
improving the efficiency of numerical integration of
systems of differential equations is [4]. In this paper,
they used the method of dynamic programming for
the problem of minimizing the number of arithmetic
operations when integrating a system of ordinary
differential equations of the nth order by controlling
the length of the integration step.

The approach based on the formalization of
information about the influence on  solution
inaccuracy (in addition to the length of the
integration step) of such factors as the initial values
of stresses in the element, parameters of corrosive
environment and, for rod constructions, the
characteristics of its cross-sections (shape, area,
perimeter) is apparently more promising. This
formalization was carried out with the help of artificial
neural networks (ANN) [5,6] in the study of hinged-
rod structures (HRS). With the obvious advantages
of this approach, the question about the effect of
the time variation of internal forces in finite elements
on the accuracy of the obtained solution remained
open.

The problem of the accuracy and efficiency of
the numerical solution for SDE describing
accumulation of geometric damages becomes
especially important in problems of optimal design

for corrosive structures [7] where the calculation of
the constraint functions involves determining the
durability of the construction. It should be noted
that methods for solving discrete optimization
problems including genetic methods assume higher
computational costs in comparison with methods of
Mathematical Programming [8].

Research objective

We will consider plane-stressed plates subject
to corrosive wear as an object of study. The task of
modelling is the determination of the construction
durability - the time of its trouble-free operation.

Due to the inf luence of a corrosive
environment, the thickness of the plate decreases
that, in turn, leads to an increase in mechanical
stresses. If we take the depth of a corrosion damage
as a parameter for corrosion action (damage
parameter), the system of differential equations
modelling the process of corrosion plate deformation
can be presented as follows:

  i
0 i i t 0

d
v F ; 0; i 1, N.

dt



         (1)

Here: t – time; v0 – corrosion rate in the
absence of stress;  – equivalent of stress; F –
function describing the influence of stress over the
rate of the corrosion process; N – number of
elements in the finite element model.

The right-hand sides of the SDE contain the
functions of mechanical stresses F(). The following
equations of Deformable Solid Mechanics are used
to calculate stresses: the system of equations of
equilibrium and deformation compatibility, the
Cauchy relations and physical relationships (the
Hooke’s law for elastic bodies). As a system of
equations for the finite element method (FEM) they
look as follows:

1R K u;

D u;

E ,

  

  

   
  (2)

where K, D, E are the matrices of rigidity,
differentiation and elasticity; ,u,R  and  – vectors
of nodal loads, displacements, deformations, and
stresses.

Since the stress state is complex:

 Txyyx ,,  , in the right-hand side of the system

(1), the stress intensity is taken as the equivalent
stress eq. Stresses are calculated in the center of
finite element (FE) gravity. The structure loses its
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bearing capacity when the stress in any of its elements
reaches the maximum permissible value. The time
moment corresponding to this state determines
durability of the structure. Thus, the solution of the
durability problem reduces to solving the Cauchy
problem for a system (1) together with the solution
of FEM problem (2). The calculation cycle is
repeated until the structural capacity is exhausted.

Obviously, the system (1) can be solved only
numerically and the solution of the FEM problem
(2) is performed at each node of the time grid. This
determines the level of computational costs which
increases nonlinearly with FEM problem dimension
growth and, as a consequence, the growth of SDE
dimension.

Main material of the research

Stress changes in the finite elements are affected
by two factors: the change in the thickness of these
elements hi and the change in their internal forces
Qi. The first factor is relatively easy to take into
account, since the magnitude of the corrosion damage
in the ith element is determined by the stress value
only in this element. At a constant value of forces,
SDE (1) degenerates into a simple set of unbound
differential equations varying only in parameters.

  i
0 i i i i

i t 0

d
v F h , Q ;

dt

0; i 1, N.

      

  
  (3)

The durability of any element can be
determined analytically, i.e. exactly (within the
accepted model of corrosion wear). Thus, the solution
of the durability prediction problem for statically
plane-strained plates reduces to solving independent
differential equations.

In the proposed algorithm for solving the
durability problem, we use analytical formulas that
determine the relationship between the thicknesses
of FE, the initial and final stresses in them and
parameters of corrosion wear.

Suppose that stress values are constant in D
surroundings of some point (Fig. 1,a). It follows from
the hypothesis of equivalent stress that the corrosion
process in its vicinity occurs at the same rate as in
the vicinity of the same point under the conditions
of simple stressed state at =eq (Fig. 1,b).

To obtain a durability formula, we consider a
plate fragment as a rod of rectangular cross section
under uniaxial loading. As a model for accumulation
of geometric damages, we take the following kinetic
equation:

 0

d
v 1 k

dt


   ,  (4)

where k – coefficient of stress influence on the rate
of corrosion.

ab

Fig. 1. Corrosion process under conditions of complex and

simple stress state

Substantiation for the possibility of the equation
(4) usage in modelling of processes of corrosion
deformation is given in the monograph [3].

For a simple stress state, stresses in the element
of h(t) thickness in the area D are determined as
follows:

 
 
eq

eq

q
t

h t
  ,  (5)

where qeq – intensity of the equivalent force in the
plane of the element.

Differentiating (5) with respect to time after
simple transformations for the damage accumulation
model (4) we obtain a differential equation
determining relationship between the initial and final
equivalent stresses, the initial thickness of the
element, the parameters of the corroding medium
over time:

 
2

eq eq 0
eq

eq 0 0

d v
1 k

dt h

 
   


.  (6)

By means of integration (6), we finally obtain:

 
 

eq 0 eq eq eq 00
eq 0

0 eq eq 0eq eq 0

1 kh
t k ln

v 1 k

     
   

     
. (7)

This solution can also serve as an approximate
estimate for durability of statically indeterminate
constructions. Its inaccuracy is determined by the
degree of change in forces within the boundaries of
the finite elements.
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In statically indeterminate constructions, the
force in a given element depends on time-varying
thicknesses of all the elements. This is what
determines relationship between equations of the
system (1):

    i
0 i i i i

i t 0

d
v F h , Q ;

dt

0; i 1, N.

       

  
  (8)

In addition to parameters of corrosive wear, a
large number of factors influence the character of
the change in time including topology of the
construction, its initial geometric parameters,
boundary and loading conditions as well as the
number of elements in the finite element model.

The idea of the method proposed by the authors
is to create a function for the time variation of the
force that allows to consider a separate differential
equation instead of SDE (8) since this function allows
to take into account influence of the remaining
equations 2.

If dependence of force on time in the element
which determines durability of the structure as a
whole is formalized, then instead of a system of
equations (8) it is sufficient to obtain a numerical
solution of a single equation with any degree of
accuracy since it is no longer necessary to solve the
FEM problem to calculate the stresses. This
considerably reduces computational costs.
Discrepancy between a hypothetical exact solution
of SDE (8) and a solution of one equation is
determined only by the approximating error of the
force and time dependence. On the other hand, a
function approximating the dependence of the
internal force on time can be created only as a result
of solving SDE as mentioned above (8).

Accordingly, we offer to carry out the solution
of the problem in two stages.

The first stage involves a numerical solution of
SDE with a minimum number of nodal points for
determining the number of the element which
determines the construction durability and creating
for it an approximating function of time variation of
the force. As a result of the first stage realization,
the approximate value of the structure durability t~

is determined.
The results of numerical experiments lead to

the conclusion that the third-degree polynomial quite
accurately approximates the law of internal force
variation. Therefore, in the time interval  t~;0  four
node points are sufficient. Thus, at the first stage

the FEM problem is solved only four times.
The second stage includes transformation of a

differential equation describing the corrosion process
in the element with the shortest durability by means
of introducing the resulting approximating function
Q=Q(t) into its right-hand part and then its numerical
solution with the required accuracy. Its solution is a
specified value of the structure durability.

Let us consider the algorithm for the numerical
solution of Cauchy problem for the following SDE
(8).

In most of the known works, one-step
numerical methods of the Runge-Kutta type were
used to solve SDE, most often the Euler’s method.
The disadvantages of these methods, in addition to
low efficiency, are amply described in [3].

The main disadvantage of the methods used is
that the abscissa of the intersection point of the
function graph =(t) with the line *=*(t) is
unknown; its definition is the result of solving the
problem of forecasting durability. The arbitrary
assignment of the integration step length (the distance
between the nodes of the time grid) not only does
not allow to control the accuracy of a numerical
solution, but also not always provides the condition
of its existence for all possible parameters of SDE.

This article offers to use the modified algorithm
of the Euler’s method with a variable integration
step by the argument for the numerical solution of
SDE (8) (Fig. 2). We suggest to specify the increment
of the function S=const and determine the
corresponding value of the argument increment tS
by the formula (7). The parameter of the
computational procedure is the number of equidistant
node points of the interval [0; *].

Fig. 2. Graphical illustration of computational algorithm

In this case, the condition for the existence of
a numerical solution is satisfied for the entire domain
of SDE parameter definition.

For a numerical illustration of the proposed
method, consider a rectangular plate loaded in its
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plane by uniformly distributed load, and located in
corrosive environment. The calculation scheme (a)
and the finite element model (b) of the plate are
presented in Fig. 3.

Parameters of the plate and corrosive medium
were taken as follows:

– geometrical characteristics: L=40 cm;
H=20 cm; h0=1,5 cm;

– mechanical characteristics: E=2,1105 MPa;
=0,3; *=[]=240 MPa;

– loading parametres: q=40 kN/cm; l=15 cm;
– parametres of corroding environment:

v0=0,1 cm/year; k=0,003 MPa-1.
At the first stage, we determine the approximate

value of the plate durability:

 1 2 32t min t ; t ; ; t    ,  (9)

where 3221 t~;;t~;t~   represent durability of the
elements found using formula (7) with a constant
value of internal forces. The value found in this way
is determined by the durability of the first element
and amount to t

~
3,8405 years.

The obtained result is used to receive a
calibration value of durability. The Cauchy problem
for SDE (8) is solved by the Euler’s method with
recalculation. The distance between the nodes of
the time grid is assumed to be equal to t=0,005,
t~ =0,0195 years. The solution for the three last nodes
of the time grid is refined with the parabolic method.
The calibration value of the plate durability is
tet=3,9731 years. To obtain a calibration solution,
the problem of calculating the stressed state of a

construction by the finite element method has been
solved 204 times.

Some results obtained during the
implementation of the first stage of the decomposition
method are shown in Table. Here we provide the
absolute values of forces and stresses (in parentheses)
in structural elements.

At the second stage, the change in forces in
the area of the first finite element of the structure is
approximated with the third-degree polynomial using
the data of the first four table rows.

The differential equation describing the process
of corrosive destruction in the first element with the
formalized dependence of the internal force on time
is as follows:

2 3

0 1 2 3
0

0

q t t td
v 1 k

dt h 2

    
    

  
,  (10)

where a1, a2, a3 – polynomial coefficients, h0 –
thickness of the plate while t=0,0.

The numerical solution of the equation (10) is
obtained using the Euler’s method with recalculation
at t=0,0195 year. The obtained value of durability
is t*=3,9562 years. The error in solving the problem
relative to the reference solution is 0,5%. At the
same time, FEM problem is solved five times, i.e.
the computational costs decrease by more than
40 times.

Conclusions

The decomposition method for solving systems

à                                                                                         b

Fig. 3. The calculation scheme and the finite element model of the plate

qeq, kN/cm (eq, MPa) 
t, years 

(1) (2) (3) (4) (5) 

0,0 10,825 (72,17) 8,587 (57,25) 5,795 (38,64) 4,027 (26,85) 4,383 (29,22) 

2,173 10,693 (110,09) 8,529 (86,09) 5,776 (56,91) 4,042 (39,23) 4,426 (43,08) 

3,161 10,520 (148,52) 8,456 (113,96) 5,750 (73,39) 4,059 (50,15) 4,480 (55,72) 

3,715 10,315 (188,11) 8,371 (141,04) 5,718 (88,16) 4,077 (59,77) 4,543 (67,32) 

4,077 10,302 (238,50) 8,364 (168,68) 5,683 (101,93) 4,098 (68,63) 4,581 (78,58) 

 

The results of the solution with the Euler’s method with variable time step
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of differential equations modelling the process of
corrosion deformation for plane-strained plates
presented in this article can be generalized to other
classes of constructions. According to the authors,
the most promising usage of this method is
represented in solving problems of optimal structure
design with limitation on durability. In this case,
the task of determining the durability is solved at
each iteration of the search for the optimal project
that leads to large computational costs. The
application of the decomposition method solves the
problem with minimal computational costs and high
accuracy.
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ÄÅÊÎÌÏÎÇÈÖÈÎÍÍÛÉ ÌÅÒÎÄ ÐÅØÅÍÈß
ÑÈÑÒÅÌ ÄÈÔÔÅÐÅÍÖÈÀËÜÍÛÕ ÓÐÀÂÍÅÍÈÉ Â
ÇÀÄÀ×ÀÕ ÌÎÄÅËÈÐÎÂÀÍÈß ÏÐÎÖÅÑÑÎÂ
ÊÎÐÐÎÇÈÎÍÍÎÃÎ ÄÅÔÎÐÌÈÐÎÂÀÍÈß

Çåëåíöîâ Ä.Ã., Ëÿøåíêî Î.À.

Â íàñòîÿùåé ðàáîòå ïðåäëàãàåòñÿ è îáîñíîâûâàåòñÿ
ìåòîä ðåøåíèÿ ñèñòåì äèôôåðåíöèàëüíûõ óðàâíåíèé (ÑÄÓ),
ìîäåëèðóþùèõ ïðîöåññ èçìåíåíèÿ âî âðåìåíè íàïðÿæ¸ííî-äå-
ôîðìèðîâàííîãî ñîñòîÿíèÿ êîíñòðóêöèé âñëåäñòâèå âîçäåéñòâèÿ
àãðåññèâíûõ ñðåä (ïðîöåññ êîððîçèîííîãî äåôîðìèðîâàíèÿ). Çà-
äà÷åé ìîäåëèðîâàíèÿ ÿâëÿåòñÿ îïðåäåëåíèå äîëãîâå÷íîñòè êîí-
ñòðóêöèè, òî åñòü âðåìåíè å¸ áåçîòêàçíîé ðàáîòû. Ðàçìåð-
íîñòü ÑÄÓ, êîòîðàÿ ìîäåëèðóåò ïðîöåññ êîððîçèîííîãî äåôîð-
ìèðîâàíèÿ,  îïðåäåëÿåòñÿ êîíå÷íî-ýëåìåíòíîé ìîäåëüþ èññëå-
äóåìîãî îáúåêòà. Ïðàâûå ÷àñòè  äèôôåðåíöèàëüíûõ óðàâíåíèé
ñîäåðæàò ôóíêöèè ìåõàíè÷åñêèõ íàïðÿæåíèé. Äëÿ âû÷èñëå-
íèÿ íàïðÿæåíèé èñïîëüçóåòñÿ ìåòîä êîíå÷íûõ ýëåìåíòîâ.
Ïðåäëàãàåìûé äåêîìïîçèöèîííûé ìåòîä îñíîâàí íà ïðåîáðàçî-
âàíèè èñõîäíûõ äèôôåðåíöèàëüíûõ óðàâíåíèé ñèñòåìû ïóò¸ì
ââåäåíèÿ â íèõ ôóíêöèé, îïèñûâàþùèõ âëèÿíèå îñòàëüíûõ óðàâ-
íåíèé, è ïîñëåäóþùåì ðåøåíèè îäíîãî èç ýòèõ óðàâíåíèé. Íà
îñíîâàíèè àíàëèçà ôàêòîðîâ, âëèÿþùèõ íà èçìåíåíèå íàïðÿ-
æåíèÿ â îáëàñòè äàííîãî êîíå÷íîãî ýëåìåíòà, ïðåäëîæåíî ââå-
ñòè â ñîîòâåòñòâóþùåå äèôôåðåíöèàëüíîå óðàâíåíèå ôóíê-
öèþ, àïïðîêñèìèðóþùóþ èçìåíåíèå âíóòðåííèõ óñèëèé âî âðå-
ìåíè. Â ýòîì ñëó÷àå ðàñõîæäåíèå ðåçóëüòàòîâ ðåøåíèÿ èñõîä-
íîé ÑÄÓ è îòäåëüíîãî óðàâíåíèÿ áóäóò îïðåäåëÿòüñÿ ëèøü ïî-
ãðåøíîñòüþ àïïðîêñèìàöèè çàâèñèìîñòè âíóòðåííåãî óñèëèÿ
îò âðåìåíè. Â ðàáîòå ïîêàçàíî, ÷òî ýòî ïîçâîëèò ìíîãîêðàò-
íî ñíèçèòü âû÷èñëèòåëüíûå çàòðàòû. Êðîìå òîãî, â íàñòî-
ÿùåé ñòàòüå äëÿ ÷èñëåííîãî ðåøåíèÿ ÑÄÓ ïðåäëàãàåòñÿ èñ-
ïîëüçîâàòü ìîäèôèöèðîâàííûé àëãîðèòì ìåòîäà Ýéëåðà ñ ïå-
ðåìåííûì øàãîì èíòåãðèðîâàíèÿ ïî àðãóìåíòó. Ðåçóëüòàòîì
ðåøåíèÿ ÿâëÿåòñÿ îïðåäåëåíèå äîëãîâå÷íîñòè êîððîäèðóþùèõ
êîíñòðóêöèé, òî åñòü âðåìåíè ðàáîòû äî ìîìåíòà èñ÷åðïàíèÿ
íåñóùåé ñïîñîáíîñòè. Äëÿ èëëþñòðàöèè ïðåäëàãàåìîãî ìåòîäà
ðåøåíà çàäà÷à ðàñ÷¸òà äîëãîâå÷íîñòè ïëîñêîíàïðÿæ¸ííîé ïëà-
ñòèíû, ïîäâåðæåííîé êîððîçèîííîìó èçíîñó. Ïðèâîäÿòñÿ ðå-
çóëüòàòû ÷èñëåííûõ ýêñïåðèìåíòîâ, ïîäòâåðæäàþùèå òî÷-
íîñòü ïðåäëàãàåìîãî ÷èñëåííîãî ðåøåíèÿ ïðè ìèíèìàëüíûõ âû-
÷èñëèòåëüíûõ çàòðàòàõ. Ïðåäëîæåííûé â ñòàòüå äåêîìïîçè-
öèîííûé ìåòîä ðåøåíèÿ ÑÄÓ, ìîäåëèðóþùèõ ïðîöåññ êîððîçè-
îííîãî äåôîðìèðîâàíèÿ ïëîñêîíàïðÿæ¸ííûõ ïëàñòèí, ìîæåò
áûòü îáîáù¸í íà äðóãèå êëàññû êîíñòðóêöèé.

Êëþ÷åâûå ñëîâà: äåêîìïîçèöèîííûé ìåòîä,
àãðåññèâíàÿ ñðåäà, ïðîöåññ êîððîçèîííîãî äåôîðìèðîâàíèÿ,
ñèñòåìà äèôôåðåíöèàëüíûõ óðàâíåíèé, ïëîñêîíàïðÿæ¸ííûå
êîððîäèðóþùèå ïëàñòèíû.
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ÑÈÑÒÅÌ ÄÈÔÅÐÅÍÖ²ÀËÜÍÈÕ Ð²ÂÍßÍÜ Â ÇÀÄÀ×ÀÕ
ÌÎÄÅËÞÂÀÍÍß ÏÐÎÖÅÑ²Â ÊÎÐÎÇ²ÉÍÎÃÎ
ÄÅÔÎÐÌÓÂÀÍÍß

Çåëåíöîâ Ä.Ã., Ëÿøåíêî Î.À.

The article offers and justifies a method for solving systems of
differential equations (SDE) that simulate time changes of stress
and strain state due to the influence of corrosive environment (the
process of corrosion deformation). The objective of modelling is the
determination of the construction durability that is the time of its
flawless operation. The finite element model of the object under
study determines dimension of SDE modelling the process of corrosion
deformation. The right-hand sides of the differential equations contain
functions of mechanical stresses. The finite element method is used
to calculate stresses. The proposed decomposition method is based
on the transformation of the initial differential equations by introducing
functions describing the influence of the remaining equations and
the subsequent solution of one of these equations. Based on the
analysis of the factors influencing the stress change in the area of the
given finite element, we propose to introduce into the corresponding
differential equation a function approximating the change of internal
forces over time. In this case, the discrepancy between the results of
the initial SDE solution and an individual equation is determined
only by the error in approximating the dependence of the internal
force on time. The article shows that this allows a multi-rate reduction
of computational costs. In addition, for a numerical solution of SDE,
we propose to use a modified algorithm of the Euler method with a
variable integration step by argument. The result of the solution is
determination of corrosive construction durability, i.e. operating time
before exhaustion of bearing capacity. To illustrate the proposed
method, we solved the problem of calculating the durability of a flat-
plate subjected to corrosive wear. The article provides the results of
numerical experiments confirming the accuracy of the proposed
numerical solution with minimal computational costs. The
decomposition method for solving SDE, modelling the process of
corrosion deformation of plane-stressed plates, can be generalized to
other classes of constructions.

Keywords: decomposition method, corrosive medium, pro-
cess of corrosion deformation, system of differential equations,
plane-stress corroding plates.
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The article offers and justifies a method for solving systems of
differential equations (SDE) that simulate time changes of stress
and strain state due to the influence of corrosive environment (the
process of corrosion deformation). The task of modelling is the
determination of the construction durability that is the time of its
flawless operation. The finite element model of the object under
study determines dimension of SDE modelling the process of corrosion
deformation. The right-hand sides of the differential equations contain
functions of mechanical stresses. The finite element method is used
for calculating stresses. The proposed decomposition method is based
on the transformation of the initial differential equations by introducing
in them functions describing the influence of the remaining equations
and the subsequent solution of one of these equations. Based on the
analysis of the factors influencing the stress change in the area of the
given finite element, we propose to introduce into the corresponding
differential equation a function approximating the change of internal
forces over time. In this case, the discrepancy between the results of

the initial SDE solution and an individual equation is determined
only by the error in approximating the dependence of the internal
force on time. The article shows that this allows a multi-rate reduction
of computational costs. In addition, for a numerical solution of SDE,
we propose to use a modified algorithm of the Euler method with a
variable integration step by argument. The result of the solution is
determination of corrosive construction durability, i.e. operating time
before exhaustion of bearing capacity. To illustrate the proposed
method, we solved the problem of calculating the durability of a flat-
plate subjected to corrosive wear. The article provides the results of
numerical experiments confirming the accuracy of the proposed
numerical solution with minimal computational costs. The
decomposition method for solving SDE modelling the process of
corrosion deformation of plane-stressed plates can be generalized to
other classes of constructions.

Keywords: decomposition method, corrosive environment,
process of corrosion deformation, system of differential equa-
tions, plane-stress corroding plates.
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