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Abstract. On the example of modeling the stress state of cylindrical tanks for the storage of petroleum products
with geometrical imperfections, a method for the numerical study of thin-walled shells of engineering structures
is implemented. It includes the compilation and numerical solution of differential equations array, followed by
interpolation of the results and determination of the displacements extreme values (or stresses) that occur in the
reservoir from the action of a hydrostatic load, taking into account geometric and structural non-linearity. To
implement the proposed method, the geometric theory of multidimensional interpolation and approximation is
used, including a new way of processing the initial conditions of the differential equation. It consists in the
parallel transfer of the numerical solution to the desired point, the coordinates of which correspond to the initial
conditions. As a result, it was possible to achieve a significant increase in the speed of the numerical solution
while maintaining an accuracy sufficient for engineering calculations.
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AnHoTamms. Ha mnpumepe MoaenupoBaHMs HampsHKEHHOTO COCTOSHMSA OKCIUTyaTHPYEMBIX LMIMHAPUYECKUX
pe3epByapoB Uil XpaHEHHs] HETEPOAYKTOB C HECOBEPIICHCTBAMU I'€OMETPHYECKOH (OPMBI Pean30BaH METOJ
YHCIICHHOTO MCCIIEZIOBAHNS TOHKOCTEHHBIX 000JI0UEK MHKEHEPHBIX COOPYKEHHUH, KOTOPBI BKIIFOYAET COCTABIICHHE 1
YHCIICHHOE pelleHne MaccuBa U (depeHINaIbHBIX YPaBHEHUH C MOCIIEAYIOMEeH MHTEPIOJSMeH pe3yabTaToB 1
OTIpEJIeICHUEM OSKCTpeMaJIbHBIX 3HAUCHHH IIepeMelieHnil (WM HanpsDKeHHil), BO3HHMKAIONIMX B pe3epByape OT
JIECTBHUS TUAPOCTATUYECKOW HArpy3Kd C YYETOM TE€OMETPHUUYECKONM M KOHCTPYKTUBHOM HenMHEHHOcTH. st
peanM3aniy TIPEIOKEHHOTO METOJa HCIOJb3yeTCsl TeOMETPHUECKasi TEOpHs MHOTOMEPHOW HHTEPHOJLSINN 1
aTPOKCHUMAIINH, BKITIOYast HOBBIM crioco0 y4éTa HadaubHBIX yenoBuil muddeperimansHoro ypasHeHus. [locnenamii
3aKJIIOYAaeTCsl B MAPAJUICIBHOM IEPEHOCE UHCIEHHOIO pEHICHWs B Hy)KHYIO TOUKY, KOOPAMHATBI KOTOPOH
COOTBETCTBYIOT ~HayalbHbIM YCIOBMAM. B pesynpTate ynanoch JOCTHYb 3HAUMTEIBHOIO  TOBBILICHUS
OBICTPOIEHCTBHS YHUCIEHHOTO PELIEHUS IIPU COXPAHEHNUH TOCTATOYHOM ISl HHKEHEPHBIX PacyEéTOB TOYHOCTH.

KaioueBble ci10Ba: KOMIIBIOTEPHOE MO/JICITMPOBAHKE, HAMIPSHKEHHOE COCTOSIHUE, SKCILUTyaTHPYEMBbIi pe3epByap,
mddepeHIransHOe ypaBHEHUE, FT€OMETPUYECKUI HHTEPIIOJISIHT, HOBEPXHOCTh OTKIIMKA

INTRODUCTION also include steel vertical cylindrical tanks for

storing petroleum products. The existing cases
In engineering practice, steel thin-walled shells of destruction of the above engineering
of revolution are widely used. Such structures structures have led to the need for periodic
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monitoring of their technical condition
throughout the entire period of operation.
Among the methods for diagnosing the technical
condition of cylindrical tanks, taking into account
the imperfections of the geometric shape, the most
widespread methods are based on modeling both
general and local imperfections of the geometric
shape [1-4]. In [5-7], a technique is proposed
according to which the interpolation of the tank
surface is performed using closed and open
contours of the first order of smoothness, followed
by the calculation of the stressed state (SS) of the
shell in the system of finite element analysis. This
approach has a number of advantages and opens
up new opportunities for analyzing the technical
condition of thin-walled shells of engineering
structures, taking into account geometric and
structural nonlinearity, and for predicting the
impact of the geometric shape imperfections
development on the strength and stability of the
shell under study. On the other hand, the method
proposed in [5-7] contains a number of features.
Firstly, the calculation of the SS of a storage tank
for petroleum products, containing 65854 finite
elements in the form of rectangular plates, in a
nonlinear formulation (taking into account
geometric and structural nonlinearity) took more
than 25 hours on a computer running an Intel Core
15-2400 processor (4-core processor with a
maximum clock speed of 3.40 GHz), which is
long enough for engineering tasks. Secondly, the
complexity = of  considering  constructive
nonlinearity, leading to the need to implement a
special staged loading scheme proposed in the
work [6].

All this leads to the need to improve numerical
modeling methods to assess the technical
condition of the exploited steel thin-walled shells
of engineering structures and develop effective
measures to increase their safe operation life.

1. METHODS

In the domestic literature, the model for
determining the SS of an elastic cylindrical shell
under axisymmetric loading has become

widespread [8, 9]. In this case, a differential
equation is obtained, which has an exact
mathematical solution, taking into account the
initial and boundary conditions [9]:

4
Dd w+ Ehw

at 2 (l—a,u)

:p’

where w is the desired displacements due to
hydrostatic load;

x 1s the height coordinate of the wall, counting
from the rim weld of the tank;

r is the radius of a cylindrical tank;

h 1s the wall thickness of a cylindrical tank;

p is the evenly distributed load;

E=2.1-10""is the Young's modulus for steel;
1 =0.3 is the Poisson's ratio;

a 1s the parameter, which, in accordance with
[8], in a uniaxial stress state is taken equal to 0
(hydrostatic pressure in an open cylindrical
vessel), and at internal gas pressure in a closed

cylindrical vessel is taken to be 0.5;
3

12(1-4)
At the same time, the presence of even minor
imperfections in the geometric shape, which are
expressed in the form of tank wall deviations
from the vertical, lead to the fact that the
loading of the shell becomes non-axisymmetric.
In addition, the presence of geometric
nonlinearity in this case leads to the need to take
into account also the constructive nonlinearity
that occurs in the process of filling the reservoir
with liquid [6]. Therefore, it becomes necessary
to refine the original differential equation,
taking into account the initial deviations of the
surface of the cylindrical shell from the vertical.
We compose the initial equilibrium equation in
accordance with Figure 1, which shows an
infinitesimal element of a cylindrical tank with
all the acting loads and forces in the sections:

D= is the cylindrical stiffness.

2N, sing+@—pdxdy =0.
2 dx
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In accordance with [8], we take the size of a

square element dx=dy=ar=1. For small
values of the angle, the value sinZ =% = RS .
2 2 2r

Then the original differential equation takes the
following form:

&.{.@_ 0
r dx
)
dg, M,
Q1+K %M
N, N,
’§ j\/[l Q1
! 2
NI
on o &
@ =

Figure 1. Scheme for compiling a differential
equation for the equilibrium of a cylindrical
tank with geometric imperfections element

Let us express the force N, in terms of the
corresponding deformation ¢&,. Taking into
account the initial deviations from the vertical
O, we obtain:
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a(r+5+w)—ar

82: =
ar
_w+5_i(& Nlj
P

where 6=0 (x) is the function of initial

deviations of a cylindrical tank from the
vertical;

k 1s the correction factor that takes into account
the geometric and structural non-linearity [5-7]
and the stresses that arise in the upper chord of
the shell due to its interaction with the tank roof.
Based on the similarity of right triangles (Fig.

1), we have N, =N, sin%:%Nz. Then we

get:
r kEh Ao
2
Taking into account that Q) = am, and,
2

therefore, @ = M , We get:

dx dx?

d? M, | kEh(w+9)

Ao

The last equation contains two unknowns: M,

and w. Eliminating one of them, we express the
effort in terms of displacements. According to
Bernoulli's law, we have:

1_M
p D’

where p is the radius of curvature when the

shell is bent in the meridional direction.
On the other hand, geometrically, the curvature
is given by the following expression:
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e
’ {“(dwd)}

Small displacements cause small curvatures K .

K =

e

2
Then the quantity (dW dx) is so small
compared to unity that it can be neglected. As a

2
result, we get: y ~d y 5
P dx

Differentiating the twice approximate value of
the curvature, we have:

d4w kEh(w+0)
at (1—“*%)

Let us define the wuniformly distributed
hydrostatic load p by the linear relation:

D

p=-rg(d-x), where y is the density of
stored liquid; g is the free fall acceleration (we
take 9.81 m/s?); d is the height of the liquid
level in the tank.

Then the final differential equation takes the
following form:

Given that the initial deviations o and the
desired displacements w are functions of the
variable x, the mathematically exact solution
proposed in [9] gives significant errors (Fig. 2),
which leads to the need to solve it numerically.

Figure 2. Comparison of the results of solving the differential equation (1):
1 — reference solution,; 2 — mathematically exact solution proposed in [9]

2 4
"M, _ D d’w
dx? dic?
As a result, we obtain a differential equation
with an unknown displacement function
w=w(x):
0.01 o
0 T T T
1 2
=0.01
-0.02
w 2
&
-0.03 4 \\\
-0.04 4
The reference solution was obtained by

approximating the values of displacements from
the action of a hydrostatic load, taking into
account the geometric and  structural
nonlinearity [5-7] when modeling the SS in the
SCAD finite element analysis software package.
The calculations were carried out in accordance
with the strength theory of octahedral shear

stresses or the specific energy of deformation
(the energy theory of Huber-Henki-Mize).

A method for the numerical solution of
differential  equations  using  geometric
interpolants was proposed in the works
[1010,11]. It can be attributed to the category of
superelement methods [12-14] used to solve a
wide range of engineering and applied
problems. A feature of the method proposed in
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[10, 11] is that a geometric interpolant is used as
an approximating function - a geometric object
passing  through  predetermined  points
(interpolation nodes). Thus, a multidimensional
geometric interpolant is a superelement that
includes information about both geometric and
physical parameters of its state. Only in this
case, the interpolation nodes are not known in
advance. They are calculated from the condition
of compliance with the original differential
equation. Correspondence of intermediate points
to the original differential equation is provided
automatically due to interpolation. Thus, the
more interpolation nodes, the closer the
geometric interpolant is to the desired numerical
solution of the differential equation. This
approach, by analogy with the isogeometric
method [15-18] proposed by Tom Hughes,
eliminates the need to coordinate geometric
information in the process of interaction
between CAD and FEA systems.

In this case, the solution to the differential
equation (1) is the displacement function

w=w(x), which is a one-parameter set of

points — a curved line. We define the
displacement function using an algebraic curve
passing through predetermined points as a one-
parameter geometric interpolant [19, 20]. Based
on the conditions for differentiating the
displacement function in equation (1), the curve
must be at least 5th order.

As a test of the simulation results, each of the
reference curves should pass through 7 points.
Therefore, a 6th order curve is needed to
describe them. Based on these considerations,
we take as an approximating function a
polynomial of the 6th degree, which describes
an algebraic curve of the 6th order. In
accordance with the geometric theory of
multidimensional interpolation [19], such a
curve is determined by the following point
equation:

M =Mp+M,p, + Myps +

(2)

Volume 19, Issue 4, 2023

where M is the current point of the arc of the
6th order algebraic curve;

M; are the interpolation nodes;

p =10 =877t +22.71% - 2277 +
+8.77°4 -7,

Py =361t -13327% +151.20°F -

—61.27%" +7.21°;

Py =—457°1+301.57 4% —418.57°F +
+184.57 21 —22.51°;

pa =407°1=3087*1% +6007°1° —

—3087 21* +407°;

ps =—22.50°1+184.57*% —418.57°1 +
+301.57 2" —45%0°;

pe =120°1—-6127% +151.27°F -
—133.27%1% +367°;

pr=—1t+871% =220 +

+22.77 %% -8.71° +1%;

t is the current parameter, which changes from
0to1;

t =1—¢ is the addition of parameter ¢ to 1.
Next, we need to move from a point equation,
which is a symbolic notation, to a system of

parametric equations through a coordinate-wise
calculation:

X=X\ P+ XoPy +X3P3 T X4Py+
+X5Ps + XePe + X707

W= WP+ WPy + WPy +Wypy +
TWsPs +WePe + Wy P7

€)

Taking into account the special properties of
algebraic curves passing through predetermined
points, obtained on the basis of Bernstein
polynomials [19], the first equation of the
system takes a linear dependence in the case of
a uniform distribution of the interpolation nodes
coordinates along the axis Ox : x=td . Then, to
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determine the geometric interpolant explicitly, it
suffices to perform a change of variables in the

second equation of the system: 7 = g , where d

is the height of the liquid level in the tank.
Next, it is necessary to divide the curve into 7
equal parts along the Ox axis and alternately

substitute the obtained values x i into the

original differential equation (1), where j

varies from 0 to 7. Thus, a system of linear
algebraic equations (SLAE) with 7 unknowns is

formed w;. After solving the, the obtained

values w; must be substituted into the second

equation of the system (3), which 1is the
numerical solution of the differential equation
(1) in the range of the variable from 0 to d .

A separate issue is the use of initial and
boundary conditions to refine the numerical
solution of  differential equation  (1).
Traditionally, these conditions are used to
determine the constants of integration [9]. But
in this case, this is precisely the source of errors
in the solution (Fig. 2). In the proposed method,
a numerical solution is obtained, which
corresponds to the initial differential equation
(1) at the nodal points of interpolation. It should
be noted that this solution does not take into
account the initial conditions and therefore the
resulting curve is arbitrarily in the plane xOy .

To satisfy the initial condition w(0)=0, it is

necessary to transfer the resulting curved line to
the origin of coordinates. For this, it is
necessary to subtract the free term of the
approximating polynomial function from the

obtained solution w = w(x) )

2. RESULTS AND DISCUSSION

As an example, consider a vertical cylindrical
steel tank No. 1 for storing gasoline with a
volume of 1000 m? of the integrated collection
point «Beshensky».

The initial data for modeling are the geometric
dimensions of the tank (tank radius » =6.165

m; shell thickness /#=0.005 m), the height of
the liquid level in the tank (d =8.44 m), the
physical properties of the stored liquid (usually
tanks are tested with water, so we take the water
density »=1000 kg/m®) and the initial

deviations of the tank wall from the vertical ¢ .

To determine the functions of the initial
deviations of a cylindrical tank from the vertical
at reference points along the circumference of the

tank & =6;(x), where i=0, 30, 60, ..., 330,

the approximation tool Fit from the Statistics
package of the Maple computer algebra system
was used.

The initial data entry was organized using the
MS Excel software package. Thus, 12 equations
were obtained that characterize the functions of
the initial deviations of the cylindrical tank from
the vertical at 12 reference points along the
circumference of the tank. As an example, we
give one of the equations (at the point 0°),
taking into account the rounding of polynomial
coefficients:

5y =4.188-107°x% -0.00017x° +
+0.0025x* —0.018x° + 0.061x> — 0.089x.

Considering that in the process of
approximation the amount of initial data
corresponded to the degree of the polynomial,
the coefficients of determination for all 12 lines

were obtained R* =1. That is, in fact, using the
Fit function, the initial deviations were
interpolated ¢ .

Similarly, 12 equations were obtained that
characterize the functions of displacements of a
cylindrical tank from the vertical at 12 reference
points along the circumference of the tank,
which were then used as reference curves to
verify the simulation results. As an example, we
give the reference equation at the point 0°,
taking into account the rounding of polynomial
coefficients:

@y =3.71-107°x% —0.00016x° +
+0.0024x* —0.017x° +0.06x> — 0.089x.
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As a result of computational experiments, taking
into account the initial data, 12 equations were
obtained that characterize the functions of
displacements of a cylindrical reservoir from the
vertical at 12 reference points along the
circumference of the reservoir. For comparison,
we present the numerical solution of the
differential equation (1) at the point 0°, taking
into account the rounding of polynomial
coefficients:

wy =4.19-107°x° —0.00017x +0.0025x" —
—0.018x> +0.061x> —0.09x — 0.007.

Comparison of graphical interpretations of the
obtained numerical solution with the reference
one (Fig.3) shows that the curves are very
similar, but are at some distance from each
other. Based on this, we can conclude that the
solution was obtained correctly, but is in the
wrong place. To agree on them, it is necessary

001 A

to fulfill the initial conditions. In our case, this
condition is — w(0)=0, which says that it is
necessary to perform a parallel transfer of the
resulting curve to the origin. To do this, it
suffices to subtract the free term from the
obtained numerical solution.

As an example, we present the numerical solution
of the differential equation (1) at the point 0° after
applying the initial condition w(0)=0:

wy =4.19-107°x% —0.00017x° +

4 3 2 @

+0.0025x" —0.018x” +0.061x“ —0.09x.
As can be seen when comparing the equations
Wy and @, almost all polynomial coefficients
in pairs have very close values. Graphical
visualization of the comparison results also
shows a high level of similarity of algebraic
curves (Fig. 4).

-0.01

-0.02

w

-0.03

-0.04

Figure 3. Comparison of the results of solving the differential equation (1):
1 — reference solution, 2 — numerical solution

-0.01 o

-0.03 o

-0.04

Figure 4. Comparison of the results of solving the differential equation (1) after applying the initial
condition W(O) =0 reference solution; 2 — numerical solution
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To numerically determine the degree of similarity
of the reference and numerical solutions, we use
the method of comparing multidimensional
geometric objects using the determination

coefficient Rz, proposed in the work [5]. We
discretize the curves with subsequent comparison
of two-point sets using the coefficient of
determination. As a result, when comparing
algebraic curves, the coefficient of determination

was achieved R* =0.998. A similar comparison
was made for all 12 lines around the circumference
of the tank and high values of the coefficient of
determination were obtained, confirming the
reliability of the results.

In the process of examining the technical
condition of steel cylindrical tanks, an important
task is to determine the places of maximum
displacements and, accordingly, maximum
stresses in the tank wall. To solve this problem,
one can use the methods of two-dimensional
interpolation with the subsequent determination of
the extreme points of the response surface. Given
the distortion of the geometric shape of the actual
surface of a cylindrical tank, it is convenient to
build a response surface by presenting the tank in
an unfolded form. Only along the abscissa axis we
will plot not the length of the arc, which will
constantly change due to distortions of the
cylindrical surface, but the angle ¢, which also

determines the position of each point on the tank
surface. On the y-axis we will plot the height of
the tank d, on the applicate axis - the required
displacements of the tank wall w .

The guide lines of the required response surface
are defined as functions of the displacements
w; =w,(x), where i=0° 30° 60° ..., 360°,

which are obtained as a result of the numerical
solution of the differential equation (1). An
example of such a function is equation (4) at the
point 0°. For convenience, let's move from the
variable x to the parameter v, which changes
from O to 1. This transition is provided by the
change of variables: x =v-d. For example, for
displacements at the point 0°, taking into
account the rounding of polynomial
coefficients, we get:

76

wy =1.514v° —7.3141° +12.847v* -
~10.628v° +4.347v* —0.762v.

In this case, 12 such equations were found in a
similar way along the circumference of the tank.
Since the reservoir with imperfections is a
closed shell, the last displacement function

corresponds to the first one. wy =wyq,. At the

same time, the required number of guide lines
can be increased to achieve the required
calculation accuracy.

Taking into account a large number of guide
lines, in order to avoid unplanned oscillations, we
will interpolate them using one-dimensional open
contours of the 1st order of smoothness. Their
geometric construction algorithms are presented
in [5]. Based on this, we obtain the following
computational algorithm for constructing the
generatrix of the response surface:

1. Determine the coordinates of the
points A; along the x-axis:

initial

04, =3600/ . j=0l..n,

where » is the number of response surface
guide lines.

2. Determine the length of the segment 4,4, :

3 2
|AjAj+1|=\/(¢Aj _Q)Aﬂl) +(WAJ' _WAf“) ,

j=12,...,n-1,

where w 4, is the response surface guide line
equations;
|Aj+1Aj+2
shift by one.

3. Determine the length of the segment 4,4,

determined from the same point by a

) 2
|AjAj+2| =\/(¢Aj _¢Aj+2) +(WAJ _WAJ+2) ’

International Journal for Computational Civil and Structural Engineering



Computer Modeling the Stress State of Operating Tanks Using Geometric Interpolators

where j=1,2,...n-2
4. Determine the coordinates of the points B,

C},1 , forming tangents at the points of the curve

arc tracing:
_( |Aj+1Aj+2| +
PB; =\P4,,, ~P4, 7r|AA | Pa;,,
JAj+2
|Aj+1Aj+2|
WBj = wAj+2_WAj —+WAj+l
7|4;4;,|
? (¢> o ) 4,454 +o
C. =\P4., = P4, |77, 17P4,
J J J+2 i+l
7| 4;4;.|
9
AjAj+1|

+ WAj+1

J J
z|d;A;)|

where j=1,2,...,n—1.
5. Define the curve contour arcs for the first and
last sections:

—2 — 2
P =Qyu +2¢’C1W +Qu
d] =d-v .
Wy =W, T+ 2We il + Wy U
1 4 C A,
= 7’ +2 uu + u?
Pn =Py, ?B, , P4,
d,=d-v ,

—w ., 72 u 2
W, =Wy U~ +2wp ud+wy u

where # =1-u is the addition of parameter u
to 1.

6. Define the curve
intermediate sections:

contour arcs for

_ =3 —2 — 2 3
Pj = P4 +3g03j71u u+3gocjuu I

dJ:d'V 5

_ —3 =2 — 2 3
Wy =Wyl +3ij_1u u+3wcjuu Wy, U

where j=2,3,..,n—-1.
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As a result of the execution of the above
computational algorithm, we obtain a response
surface that characterizes displacements in the
wall of a steel cylindrical tank with
imperfections (Fig. 5).

As can be seen from Figure 5, the maximum
displacements occur in the lower part of the
tank in the range from 150° to 300° around the
circumference of the tank. Let us determine the
values of the maximum displacements and their
exact position by the methods of mathematical
analysis. To do this, it is necessary to solve a
system of two equations with partial derivatives
with respect to the parameters » and v, on the
interval of their change from 0 to 1. Thus, the
maximum displacements of 92.2 mm occur at a
height of 2.298 m and 258.6° around the
circumference of the tank.

0.08—
0.06—
0.04—

0.02—

-0.02—4

~0.04—

Figure 5. Visualization of the response surface
of the tank wall movements with imperfections
from the hydraulic load

It is also possible to determine the maximum
displacements of the tank wall from the action
of hydrostatic load for each belt along its height.
To do this, it suffices to cut the resulting
response surface with vertical planes parallel to
the axis ¢. Analytically, this is determined by
step-by-step fixing the height values of each
tank belt with the determination of the
maximum displacements at each stage.

The paper proposes a method for determining
the SS of an oil storage tank with imperfections
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based on displacements. If necessary, it is quite
easy to switch to stresses. In accordance with
[22], for this it is sufficient to multiply the
resulting displacements by the quotient from
dividing the Young's modulus by the tank
radius. But since the radius varies along the
height of the tank due to imperfections in the
geometric  shape, when moving from
displacements to stresses, it is necessary to take
into account the functions of the initial

deviations &; =& (x). Thus, Young's modulus

must be divided by r+3; .

CONCLUSIONS

Improvement of the differential equation and
numerical solution, including a new way of
taking into account the initial conditions, which
are described in the paper, are not the only
possible ones. In a similar way, other designs of
thin-walled shells of engineering structures can
be studied, taking into account the imperfections
of the geometric shape or without them, except
for vertical cylindrical tanks. It is also possible
to model other types of loads (for example,
wind load, snow load, structural self-weight
load, etc.) using interpolation  and
approximation methods. This makes it possible
to avoid the need for expensive full-scale
experiments, which in some cases are not only
not profitable, but even impossible.

A feature of the proposed method is that the
model is quite simply described by a 4th order
differential equation using interpolation and
approximation methods. This equation has a
simple numerical solution in the form of a 6th
degree polynomial. At the same time, there is no
need to perform long and complex calculations
for modeling thin-walled shells, taking into
account both geometric and structural non-
linearity.

Due to the wuse of interpolation and
approximation methods for solving the problem,
it was possible to achieve sufficient numerical
simulation accuracy for engineering

calculations, increasing their speed. The
calculation of an array -consisting of 12
numerical solutions of differential equations that
define 12 guide lines of the response surface (as
well as the construction of its generatrix using
one-dimensional contours of the first order of
smoothness, taking into account visualization)
takes about 20 seconds even without
parallelization of computational threads. If
necessary, the number of guide lines of the
response surface can be significantly increased
to achieve greater accuracy of engineering
calculations. At the same time, the proposed
method is easily amenable to parallelization of
computational operations. This became possible
due to the fact that it combines the potential of
constructive methods of geometric modeling,
which are able to provide parallelization of
geometric constructions by tasks (message
passing), and the mathematical apparatus "Point
calculus", capable of implementing
parallelization according to data due to
coordinate-wise calculation (data parallel). In
the future, this makes it possible to realize the
entire available computing potential of modern
multi-core processors.

Based on the results of the research, a new
engineering technique for examining the
technical condition of an oil storage tank with
geometric imperfections is proposed based on
the numerical solution of differential equations
using geometric interpolants [23].
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