
188

NAFTA-GAZ

Nafta-Gaz 2025, no. 3, pp. 188–198, DOI: 10.18668/NG.2025.03.05

New calculation method for the pontoon element of offshore fixed 
platforms for oil and gas production
Nowa metoda obliczeniowa dla elementu pontonowego morskich platform stałych  
do wydobycia ropy i gazu
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ABSTRACT: Currently, a significant attention is given to the development of fuel and energy resources on the shelf, particularly the oil 
and gas fields of the Caspian Sea. Addressing this problem requires investigating a broad range of scientific and technical issues. One 
of the most important problems is the transportation of the support block of offshore platforms, which serves as the main element of 
hydraulic structures designed for oil and gas production at great depths. This research relates to offshore hydraulic engineering, specifi-
cally the construction of offshore platforms whose support structures consist of support blocks transported afloat. The article proposes 
a method for analyzing and optimizing geometric shapes while considering the physical properties of pontoon materials, enabling the 
resolution of specific practical problems. The study examines the influence of various factors on the distribution of deformations and 
stresses in pontoons. A general method for linearizing thin-walled structures with variable geometric parameters is introduced, offering 
improved convergence. An efficient calculation technique based on the small parameter method is developed. Using these methods, 
a computational algorithm is formulated, and a set of application programs is established. Accordingly, problems in the general theory 
of shells are addressed. In structures designed to ensure sufficient strength and manufacturability, all real material properties are con-
sidered, leading to more accurate calculation procedures. For a broad class of nonlinear problems in structural mechanics, accounting 
for the physical properties of materials allows for the identification of additional strength reserves.

Key words: pontoon, support block, offshore platform, shells of rotation, nonlinear model.

STRESZCZENIE: Obecnie wiele uwagi poświęca się rozwojowi zasobów paliw i energii na szelfie, w szczególności złożom ropy 
naftowej i gazu ziemnego na Morzu Kaspijskim. Rozwiązanie tego problemu wymaga analizy szerokiego zakresu zagadnień nauko-
wych i technicznych. Jednym z kluczowych problemów jest transport bloku podporowego platform morskich, który stanowi główny 
element konstrukcji hydrotechnicznych przeznaczonych do wydobycia ropy i gazu na dużych głębokościach. Niniejsze badanie dotyczy 
morskiej inżynierii hydrotechnicznej, a w szczególności budowy platform morskich, których konstrukcje nośne składają się z bloków 
podporowych transportowanych na wodzie. W artykule zaproponowano metodę analizy i optymalizacji kształtów geometrycznych 
z uwzględnieniem właściwości fizycznych materiałów, z których wykonane są pontony, umożliwiającą rozwiązanie konkretnych pro-
blemów praktycznych. W pracy zbadano wpływ różnych czynników na rozkład odkształceń i naprężeń w pontonach. Przedstawiono 
ogólną metodę linearyzacji konstrukcji cienkościennych o zmiennych parametrach geometrycznych, oferującą lepszą zbieżność. 
Opracowano skuteczną technikę obliczeniową opartą na metodzie małego parametru. Korzystając z tych metod, sformułowano al-
gorytm obliczeniowy oraz opracowano zestaw programów użytkowych. W rezultacie rozwiązano problemy z zakresu ogólnej teorii 
powłok. W konstrukcjach zaprojektowanych w celu zapewnienia wystarczającej wytrzymałości i możliwości produkcji, uwzględniane 
są wszystkie rzeczywiste właściwości materiałowe, co prowadzi do dokładniejszych procedur obliczeniowych. Dla szerokiej klasy nie-
liniowych problemów mechaniki konstrukcji, uwzględnienie właściwości fizycznych materiałów pozwala na identyfikację dodatkowych  
rezerw wytrzymałościowych.

Słowa kluczowe: ponton, blok podporowy, platforma morska, powłoki obrotowe, model nieliniowy.
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Introduction 

The support block (SB) is assembled on the slipway of the 
Baku Deepwater Jackets Plant, named after H. Aliyev. The 
slipway consists of two parallel slipway beams. The launching 
track structure includes a concrete base in the coastal section, 
with a metal deck affixed to it, the upper surface of which 
forms a sliding plane. To reduce friction during SB movement, 
a Teflon coating is applied to the sliding paths, ensuring ac-
ceptable friction coefficients.

The support block is moved using a push-pull device, which 
is connected to the support block through a pusher extension 
by means of connecting units. The weight of the support block 
is supported by the slipway beams and the rotating frame, with 
wooden runners installed on the legs of the middle panels of 
the support block. The force exerted by the push-pull device 
during support block movement is calculated. To transport the 
support block along the launching tracks and lower it into the 
water, launch winches installed on standard concrete founda-
tions are used. Two side winches facilitate the movement of 
the support block, while the middle winch is employed both 
for moving the support block and as a braking mechanism. Due 
to the insufficient displacement of the SB, additional pontoons 
are installed for launching and transportation. Head pontoons 
are attached to the side panels of the SB at the front section, 
while auxiliary pontoons are affixed to the lower panel. The 
dimensions and placement of the pontoons are determined 
through calculation.

The permissible value of the distributed linear load on 
the launching track is dictated by the design of the block, the 
launching mechanism, and the launching tracks. The maxi-
mum distributed linear load is determined based on both the 
redistribution of loads between the stern and bow skids and 
the variation of loads along the bow skid length. The dis-
tributed linear load on the launching track excreted by the 
skid with the rotating device is determined. Load calculations 
involve determining the longitudinal and transverse bending 
moments acting on the block due to weight and buoyancy 
forces. These calculations are performed under calm water 
conditions during transport at a designated draft. Additional 
loads on submerged SB elements during towing, as well as 
wave and current impacts, are determined based on the towing 
speed and the maximum expected wave and current conditions 
in the transportation area. The stresses from these loads are 
summed with those arising from the total bending of the block 
in calm water conditions.

The article of Abdrakhmanova et al. (2023) focuses on the 
calculation of normal crack openings in a reinforced concrete 
beam. Agapov et al. (2010) developed three- and quadrangular 
finite elements of variable thickness, designed for both linear 

and nonlinear calculations. The stress-deformation state of 
marine hydrotechnical installations under various loads and 
effects has been investigated in multiple studies (Aslanov, 2022; 
Hasanov, 2022; Aslanov and Aslanli, 2024a, 2024b, 2024c;  
Aslanov and Aslanov, 2024a, 2024b). Avcu et al. (2024) stud-
ied dispersion from cracks in the walls of pressure tanks for 
hydrogen-powered vehicles using a finite element analysis 
model. Aydin et al. (2020) tested ten samples of thin-walled 
cylindrical shells in two groups with different dent depths. The 
test results were compared with various theories and codes. 
Ayhan (2011) presented a three-dimensional fracture analysis 
using tetrahedral enhanced elements and a fully unstructured 
mesh. Bathe et al. (2011) described the application of a 9-node 
shell element for plate bending problems. Becker (2022) in-
vestigated a filled grain silo, estimating allowable yield stress 
using four different design criteria. The proposed scheme 
was implemented in the Mathematica program (Borwein and 
Skerritt, 2012), and the roots of the equations were determined 
using the secant method (Chapra and Canale, 2014). Bovo 
et al. (2020) assessed the main characteristics of the dynamic 
response of vessels and provided lognormal cumulative fra-
gility functions for three different limit states of each vessel. 
For each limit state, the median and variance parameters of 
the best-fitting lognormal function of each tank were statisti-
cally determined through nonlinear regression analysis. The 
complete system of equations for shells is typically derived 
from the equations presented in the three-dimensional theory 
of elasticity, with additional simplifying assumptions leading 
to the various shell theories, as discussed by Chapelle and 
Bathe (2011). Cheng et al. (2022) examined seismic reactions 
in liquid-solid interactions within a rectangular steel water 
treatment structure, incorporating different partition opening 
arrangements using the finite element method. Amaechi et al. 
(2022) provides a comprehensive review of various offshore 
petroleum structures, covering the fundamentals of all types 
of offshore structures (fixed and floating) and the applica-
tion of these concepts to oil exploration and production. The 
study presents various design parameters for modern offshore 
platforms and industry advancements. Chikhi and Djermane 
(2018) employed a numerical model to evaluate the influence 
of local geometric imperfections on the dynamic buckling of 
liquid-filled tanks, modelling the liquid with specific finite 
elements. Elgridly et al. (2022) conducted three-dimensional 
modeling using software of V.V. Eliseev and Y.M. Vetyukov 
(Eliseev and Vetyukov, 2010, 2014) developed on the basis of 
both Lagrange mechanics and the principle of virtual work. 
Various applications of this theory are described in several 
studies (Eliseev et al., 2011; Yeliseyev and Zinovieva, 2014; 
Filippenko, 2016). Gadjiyev et al. (2023) and Hajiyev et al. 
(2024) developed an effective numerical method for analyzing 
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the stress-strain state and load-bearing capacity of compressed 
concrete pipe elements. When developing the calculation 
algorithm for compressed concrete, the stress-strain relation-
ship was adopted as a fractional rational function proposed 
by the Eurocode, while a two-line diagram was adopted for 
reinforcement.

Gao et al. (2024) report on an ultrashort-channel organic 
neuromorphic vertical transistor with distributed reservoir 
states and propose a strategy for developing high-performance 
reservoir computing networks. Giampieri and Perego (2011) 
utilize an interface finite element to simulate localized mem-
brane-flexural deformations in shells. An experimental study 
on the effect of the presence of a pontoon on the movement of 
a semi-submersible platform with four square columns under 
flow conditions is presented by Gonçalves et al. (2019). To 
perform three-dimensional calculations of the stress-strain 
state, Gontarovskyi et al. (2023) use software based on the finite 
element method. Gurkalo et al. (2024) conduct a comparative 
nonlinear dynamic analysis of three-dimensional models for 
elevated water tanks with different shaft diameters and heights, 
comparing results of elevated water tanks with slotted and solid 
reinforced concrete bodies. Hansen and Silva (2022) study the 
nonlinear oscillations of an elastic-linear multilayer circular 
cylindrical tank, partially filled with liquid, and with simple 
support, assuming the reservoir materials to be elastic, linear, 
and isotropic. Holtschoppen and Knoedel (2024) propose 
a procedure for reducing overall stresses through a more refined 
definition of the reservoir reaction, based on the calculation 
of hydrodynamic pressure and load components dependent 
on the geometric characteristics of the reservoir. Ibrahimov 
et al. (2024) present the results of laboratory, experimental, 
and theoretical research on the development and application of 
technology ensuring the quality and safety of cementing works 
to support the filter zone of production wells. T.R Ischanov 
(2018) develops algorithms for finite element analysis of the 
stress-strain state of shells, considering transverse shear de-
formation. Iskandarov (2022) addresses problems related 
to temperature measurement in thermal energy accounting,  
proposing solutions to minimize errors by accounting for en-
ergy consumption. Ismayilov et al. (2024) describe the design 
and operating principle of a new expansion device developed 
to solve the problems associated with the efficient expan-
sion of round steel casing and to achieve double expansion  
in the construction of wells with a single diameter. In a num-
ber of papers (Suleimanov et al., 2008a, 2008b, 2009; 2012, 
2018; Suleimanov and Dyshin, 2013; Khabibullin et al., 2022; 
Jamalbayov et al., 2024), a methodology for hybrid modeling 
of the development of complex hydrocarbon mixture deposits 
was developed, comparing the technical and operational per-
formance of pump units based on different kinematic schemes. 

Khabibullin et al. (2023) propose a method for calculating 
cylindrical shells in the region of support devices, assuming 
the shell material to be ideally rigid-plastic.

Khalil et al. (2023) assess the seismic fragility of above-
ground steel cylindrical silos intended for storing solid materi-
als. Khosravi and Goudarzi (2023) investigate the seismic risk 
of cylindrical concrete tanks located on the ground. Kiliç (2021) 
examines cylindrical water reservoirs under the influence of 
hydrostatic force or internal vacuum. Kiselev (2013) develops 
three-dimensional finite elements of various configurations with 
nodal unknowns in the form of displacements. Kiyamov (2010) 
describes an efficient method for calculating three-dimensional 
structural elements with complex curved edges. Kolenchukov 
et al. (2023) present a review and generalization of data on 
the parameters and characteristics of rough surfaces. The cor-
relation method, based in the standard deviation of the slope 
of the roughness profile, is analyzed alongside the effect of 
secondary flow on coolant behavior in a closed space. Kovtun 
et al. (2023) conduct theoretical and experimental studies to 
determine the stresses in elastic-soft tanks during free drop-
ping from an aircraft, aiming to optimize the tank shape and 
construction. Kumar et al. (2024) investigate the dynamic 
behavior of a group of piles under different loading directions 
is studied in a combined case, conducting machine-induced 
field excitation tests on small-scale hollow steel piles. Labiodh 
and Chalane (2023) analyze the effect of different positions of 
localized axisymmetric initial defects on the critical load of 
elastic cylindrical shells subjected to axial compression, using 
numerical analysis to evaluate bending resistance. Lebedev et al.  
(2021) describe the stress-strain state of vertical steel tanks and 
propose a method for calculating their strength using CAD, 
considering factors such as uneven foundation settlement, tank 
wall displacement, and the influence of ring plate dimensions.

Li et al. (2023) discuss the importance of nonlinear terms 
in the governing equations for describing the short-term large 
deformation of a thin-walled cylindrical shell under shock 
pressure. Shubovich (2012) determines the stress-strain state 
of shells of revolution using both linear and geometrically 
nonlinear formulations. Mahmood et al. (2022) present a quan-
titative analysis of eight commonly used methods to identify 
the most appropriate and reliable interpretation method cast-
in-situ piles. Mirsepahi et al. (2021) conduct 3D modeling as 
part of their study. Majumder and Chakraborty (2021) perform 
a three-dimensional numerical analysis to examine the response 
of an underexpanded pile in clay under lateral loading. Jassim 
et al. (2022) carry out a comprehensive study on optimizing 
the dimensions of a truncated cone vessel device. Pandian 
et al. (2024) investigate  the determination of the reaction 
reduction factor applicable to overhead water tanks operating 
beyond the elastic limit in the earthquake-resistant design. 
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Raikar and Kangda (2024) explore the application of passive 
control techniques using a fluid viscous damper to mitigate 
vibrations and reduce potential damage to water tank structures. 
Sabaghzadeh and Shafaee (2021) present a numerical method 
for analyzing the deformation of diaphragm tanks, verified 
through experimental methods. Santos and Donadon (2023) 
propose a semi-analytical model using the Ritz method to esti-
mate the axial buckling load and internal pressure behavior of 
composite cylindrical shells. Sharma et al. (2010) provide an 
introduction to semisubmersibles along with a critical analysis. 
Sholomitskii et al. (2023) propose a methodology for convert-
ing unstructured laser scan point clouds into a topological 
equivalent network model, enabling numerical calculation 
methods for estimating the stress-strain state due to reservoir 
wall deformations. Sugiura et al. (2024) perform a comparative 
nonlinear dynamic analysis of three-dimensional models of 
elevated water tanks with varying shaft diameters and heights 
using SAP2000 software, comparing results for elevated water 
tanks with slotted and solid reinforced concrete shafts. Sun 
et al. (2023) establish a numerical analysis model of liquid-
solid coupling to examine the dynamic response and damage 
of a small domed ACLNG storage tank under penetrating and 
blast loads. Veliyev et al. (2022) discuss artificial intelligence 
and its applications in the oil and gas industry, demonstrating 
how AI can facilitate coordination and cooperation to extend 
the life cycle of an oil field, improve decision-making, reduce 
costs, and increase economic efficiency. Wan et al. (2024) 
analyze the development trend of Compressed Air Energy 
Storage (CAES) technology and propose a future development 
path to provide a reference for the study of CAES projects in 
depleted oil and gas fields. Wang et al. (2011) describe geo-
metrical elements and corrections in the finite element model 
for the displacement field . Xue et al. (2023) conduct a new 
theoretical analysis and develop finite element models to in-
vestigate the initial residual stress distribution and processing 
deformation law in a typical aluminum alloy rolled ring. Yang 
et al. (2024) carry out the first analytical study of the influence 
of axial variable modulus of elasticity on the bending of thin-
walled cylinders subjected to lateral pressure.  Yaropolov and 
Yaropolov (2012) employ rectangular and triangular plane finite 
elements to solve plane problems of the theory of elasticity . 
Zhang et al. (2023) conduct an elastoplastic analysis using the 
finite element method to evaluate the stability of a full-scale 
reinforced conical steel water tank, incorporating initial defect 
data obtained from high-resolution laser scanning. In a series of  
studies by T.V. Zinovieva (2012, 2017), an implicit symmetric 
one-step difference scheme of second-order accuracy is used 
for approximating the system equation. 

Figure 1 shows a support block positioned on a slipway. 
The support block is constructed on a slipway that features 

horizontal launching paths. At the ends of these paths, fac-
ing the sea, there are rotating frames adjacent to the slipway 
cordon. The support block is equipped with runners that rest 
on the launch paths. The rotating frame contains a rotating 
component with an upwardly curved cylindrical surface and 
a foundation with a concentric surface. The launching process 
is executed as follows.

Under the influence of the pusher force, the support block 
moves along the launch paths toward the sea. The runners 
remain in a horizontal position until the center of mass of the 
support block aligns with the vertical axis of rotation. The 
pusher continues to propel the support block until its center 
of mass shifts beyond the vertical axis of rotation, causing the 
support block together and the swivel frame to tilt. This tilting 
continues until a portion of the sealed element enters the water 
at an angle smaller than the friction angle, i.e. tgα < f, where f 
is the coefficient of friction between the runner and the sliding 
surface of the rotating frame. The pusher continues to act on 
the support block until it is fully launched into the water. The 
rotating frame, featuring an upwardly curved cylindrical sur-
face, is movably articulated with the concentric surface of the 
foundation. This configuration ensures an even distribution of 
the load between the rotating frame and the foundation, thereby 
significantly reducing the metal consumption of the structure.

The technical and economic efficiency of the proposed 
method and device lies in enabling launches at a water depth 
of no more than 10 m. This eliminates the need for extensive 
dredging operations, facilitates the construction of support 
blocks on horizontal slipways, and allows for their transpor-
tation afloat and subsequent launch from the construction 
slipway into the water. Additionally, this approach enables the 
construction of support blocks on the same slipways, which 
can be transferred onto transport and launch barges. These 
barges receive the support blocks via horizontal launch paths.

A method for sliding a support block onto paired transport 
pontoons is also considered. In this method, the support block, 
positioned on lower and head skids, is moved along the launch-
ing tracks beyond the assembly site of the cordon onto moored 
transport pontoons, followed by their subsequent deballasting. 
To simplify operations and improve reliability, the support 
block on the lower and head skids is initially slid onto the 
lower pontoon. During this process,  deballasting of the lower 
pontoon raises the lower end of the support block, allowing for 
the removal of the lower skids. The support block, now posi-
tioned on the lower pontoon and head skids, is further moved 
until it nears the cordon. The head pontoon is then positioned 
beneath the upper end of the support block and subsequently 
deballasted. A device for sliding a support block onto paired 
transport pontoons, comprising launch paths, lower and head 
skids and pontoons, is characterized in that each head skid is 
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made of two parts movably connected along a cylindrical sur-
face. The sliding method follows the sequence described below.

The support block is loaded onto the lower and head skids 
and moved along the launch paths until it extends beyond the 
cordon, hanging over the lower pontoon. The head pontoon 
remains moored nearby and is not involved in the initial sliding 
operations. Then the lower pontoon is deballasted, lifting the 
bottom of the support block and causing it to pivot along the 
cylindrical surface of the head skid. The lower skids are then 
removed. Next, the support block continues to move along 
the lower pontoon and head skids until it nears the cordon. 
The head pontoon is positioned beneath the support block and 
deballasted. Upon completion of the head pontoon deballast-
ing, the support block separates from the head skid, marking 
the completion of the sliding process.

Let us consider a section of the pontoon cut off along 
a circular plane passing through an arbitrary point M. The cut 
off part is subject to the weight of the liquid in the volume of 
the segment.

γV= γπR3(2/3 – cos θ + 1/3cos2θ) as well as the pressure 
force from the overlying layers of liquid pπr2 = γR3π cos θ 
sin2θ, here p = γR cos θ – liquid pressure; r = R sin θ – radius 
of the section circle; γ – specific gravity of liquid. Summing 
these two forces and dividing by 2π, we obtain the function 
F(θ) = (γR3)/3 (1 – cos3θ).

Next, using formulas (1) and (2), we determine the forces:
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In equations (1)–(2), Тm and Тt – meridional and annular 
normal forces, respectively; r and θ – coordinates of an arbi-
trary point; Р and R – geometric parameters; γ – weight of the 
liquid inside the shell. The diagrams of Tm and Tt are shown 
in Figure 1.

To ensure a momentless state, the upper edge of the hemi-
sphere must be free to move in the radial direction. Let us 
calculate the changes in both the radius of the upper edge 
circle and the height of the hemisphere. Let us first determine 
the relative elongations in the meridional and circumferential 
directions at an arbitrary point. According to the formulas of 
the generalized Hooke's law:
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Relative elongation in the circumferential direction of a ring 
fiber passing through point M:
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Radial movement:
 ξ ε θ= t tR sin  (6)

Meridional deformation:
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Substituting the value of εt into equation (5), we find the 
radial displacement at an arbitrary point
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Figure 1. Calculation scheme for lowering the support block into 
the sea by means of a rotating frame: 1 – support block; 2 – slip-
way; 3 – horizontal descent paths; 4 – swivel frame; 5 – slipway 
cordon; 6 – skids; 7 – cylindrical surface; 8 – foundation;  
9 – concentric surface; 10 – roller; 11 – vertical axis of rotation;  
12 – pontoons
Rysunek 1. Schemat obliczeniowy opuszczania bloku podporowe-
go do morza za pomocą ramy obrotowej: 1 – blok podporowy;  
2 – pochylnia; 3 – poziome ścieżki zejścia; 4 – rama obrotowa;  
5 – kordon pochylni; 6 – płozy; 7 – powierzchnia cylindryczna;  
8 – fundament; 9 – powierzchnia koncentryczna; 10 – rolka;  
11 – pionowa oś obrotu; 12 – pontony

Let us determine the stresses and displacements of points 
on the middle surface of a pontoon, which has the shape of 
a hemisphere. The pontoon is suspended by its upper edge 
and filled with a liquid of specific gravity γ N/sm3 (Figure 2).

Figure 2. Calculation scheme of the section of the pontoon 
element
Rysunek 2. Schemat obliczeniowy przekroju elementu  
pontononowego
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Changing the radius of the top edge circle
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To determine the axial displacement, we use dependence 
(9) and differentiate ξ by θ:
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and substitute dξ /dθ and εm under the sign (9). After simple 
transformations, the integral takes the form
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After integrating and substituting μ = 0.3, we obtain the 
following expression for the axial displacement of an arbitrary 
point relative to the upper edge:
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For θ = 0, this expression gives the change in the height of 
the hemisphere, ηmax = 2.6(γR3)/3Eh = 0.86(γR3)/Eh.

The plus sign indicates that the height of the hemisphere is 
increasing. If we take the non-linear deformation as:

E Em m t tε βε ε βε− −3 3,  enter ε ε ε ε ε εm m t t= =0 0,  and consider 
that ν βε= 0

2 1E  (Aslanov and Aslanli, 2024c).
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Considering (3) and (4) in (13) and (14), respectively:
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If we write εm and εt included in (15) and (16) as follows:
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Considering (17), (18) in (15) and (16), respectively:
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Considering system equations (21) and (22), (17) and (18):
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Meridional deformation:
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Horizontal displacement at an arbitrary point of the middle surface:
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Vertical displacement at an arbitrary point:

(25)
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A thin-walled hemispherical shell with variable geometric 
parameters was studied taking into account physical nonlin-
earity and boundary conditions. Analytical expressions for 
displacements, stresses, and meridional and annular forces were 
derived. In the new modification, the series obtained using the 
nonlinear elastic body model and the small parameter method 
are quickly collected, which leads to a significant simplifica-
tion of the calculations.

Materials and methods

The purpose of the study is to determine the actual stress-
deformation state occuring in pontoons used for the launching 
and installation of the support block of a stationary offshore 
platform, considering the existing water depth. Given the 
material properties of the pontoon, the stress variation as 
a function of deformation is analyzed using a nonlinear model. 
An integrated approach was adopted, incorporating scientific 
analysis, planning, and conducting research. The problems 
posed in the study were solved using methods of mathematical 
analysis, numerical modeling, basic rules of structural mechan-
ics, mechanics of deformable solids, elasticity theory and finite 
difference method. Theories of strength and stability were ap-
plied to assess the launching, transportation, and installation 
of the support block of the stationary offshore platform at the 
construction site. Both analytical and numerical calculation 
methods were employed, and the results were compared. Block 

launching simulations were conducted using the “LAUNCH” 
subprogram of the SACS software.

The objectives of the study are to develop new versions of 
formulas for specifying the middle surfaces of arbitrary shells, 
allowing to calculate shells without imposing significant restric-
tions on their dimensions. Various displacements occurring 
in the cross-sections of the pontoon structure are considered 
as a series. By introducing a small parameter into the series, 
an analytical solution of the displacement change is obtained 
and the existing calculation methods are improved. A physical 
nonlinear elastic body model is used to study the stress-strain 
state, and the reliability of the results obtained is verified by 
mathematical methods. A nonlinear body model is used to study 
the stress-strain state. To check the accuracy of the calcula-
tion results, the system of obtained equations, considered on a 
number of numerical examples, was solved by known methods.  
In this case, some of the results were compared with the works 
of other authors and it was found that the results coincide.

Results and discussion

The stress-strain state of oil field structures is determined 
taking into account various loading conditions, and new meth-
ods for calculating structures on its basis are developed and 
applied to solve practical problems. Based on an axially loaded 
nonlinear model, a cylindrical shell is analyzed while account-
ing for changes in geometric parameters. The calculation of 
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a symmetrically loaded coating structure is performed, account-
ing for the physical properties of the material and changes in 
geometric parameters. Oil field structures are calculated tak-
ing into account internal pressure and a calculation method is 
developed based on the small parameter method. The coating 
is analyzed taking into account external and internal impacts, 
symmetric and asymmetric loads, and stiffeners, with optimal 
geometric dimensions determined for a wide range of materials. 
In the first approach, stress decreased by 12.7% compared to 
the linear model, in the second approach by 8.2%, in the third 
approach by 5.2%, and in another case by 8.3% due to a change 
in the geometric parameter. The accuracy and convergence of 
the constructed numerical scheme are studied using test exam-
ples. A comparison was made between the results obtained in 
the linear and nonlinear formulations (Figure 3).

engineering practice. A solution has been obtained for coatings 
of circular cross-section, with constant and conical thickness, 
under external load, as well as internal pressure, taking into 
account the impact of asymmetric and symmetric loads based 
on small parameter methods.

A method for calculating the strength of shells of revolution 
of variable thickness, made of nonlinear elastic material, has 
been developed, considering surface loads and post-critical 
deformation. The scope of application of the developed methods 
for calculating the strength of shells made of nonlinear elastic 
material, with different methods of specifying boundary con-
ditions, has been established. The accuracy and convergence 
of the constructed numerical scheme have been studied using 
test examples. A comparison of the results obtained in linear 
and nonlinear formulations has been carried out.
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