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The impact of such factors as: the flexibility of the pile foundation, the connected mass of water media, the ice field
on the value of the period of natural oscillations of the offshore fixed deep-water ice-resistant platform was researched.
Two discrete idealized models of the platform were used for the dynamic analysis.
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Introduction. The industrial progress is closely related with active using of hydrocarbonsin
the modern world. The progress of the oil and natural gas industry is very important for the
world and Ukraine in particular. The gradual growth of reserves of deposits on land led to
reclaim and the gradual increase of the extraction of raw materials on the sea shelf. Specialists
say that about 70% of hydrocarbon reserves lie in rock formations beneath seabed or ocean
floor and more than half of them are located in shelf areas [1].

The development of sea oil deposits usually occurs using oil production platforms today [2].
For oil production at the depth of immersion more than 80 meters offshore fixed platforms are
used most often (Fig. 1). A structure of this type consists of collected on land metal parts: the
supporting part and the upper part that have a form of a spatial truss. Platforms rest on driven
piles that have a tubular section and perceive vertical load from upper part and horizontal load
from supporting part [3].
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Fig. 1. Examples of fixed oil production platforms

Platforms can be used in different climatic zones and also, they have wide exploitation
opportunities such as: they are the placement of the equipment for well drilling and extraction of
hydrocarbons, preparation of raw materials for transportation, water injection into layer, performing
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repair works etc. But using of such technological structures is not limited only to interest of oil and
natural gas industry whereas they are important for navigation and military purposes.

A type of structures with the supporting part in a form of a spatial truss are ice-resistant
structures. The upper part of such platforms rests on several columns, and diagonal and vertical
links are deleted in a zone of the water horizon because they can be fractured by floating ice [3].

Such structures as offshore fixed platforms are exposed to effects of a high seismicity, wind,
waves, strong undercurrents and an impulse impact during the movement of ice fields especially
when exploitation in northern seas. Analyzes of offshore fixed hydrotechnical structures under
the impact of different combinations of exploitative and external loads are based on the
equilibrium condition of a structure under the impact of maximum possible loads. It’s important
during the analysis and the designing of offshore fixed platforms to choose the most rational
constructive form and technical solution that should provide the strength, the reliability and the
geometric stability of the entire platform and its individual members. Also, it’s important to
consider the dependence of the stress-strain state of platforms bearing structures on the
technology of the transportation of its individual parts, the montage of a structure, the impact of
hydrological, geological and meteorological factors, seismic loads.

The purpose of the article. The purpose isthe research of the impact of different factors on
the value of the period of natural oscillations of offshore fixed deep-water ice-resistant
platforms.The analysis and the designing of offshore platforms of various purposes is y
relatively new field of an engineering art. First design and technological solutions of offshore
fixed oil platforms were developed and patented in the second half of the twentieth century.
General principles of the designing and methods of the strength and stability analysis of bearing
structures of fixed platforms are given in [3]. In [4] the theory of description of sea waves and a
reaction of production platforms to the action of external impact was developed. Also, analyzes
of the action of wave loads on thin structures of a large diameter was performed on the basis of
the diffraction theory. Recommendations for the designing of a pile foundation of fixed
platform discrete models providing the practical accuracy are given in [5]. The modelling of the
ice load using the polarization-optical method and the determination of offshore platforms
properties for the ice destruction efficiency using the random balance method were performed
in [6]. Analyzes of the strength of members of offshore structures were performed in [7].
Analyzes of the fixed platforms on the action of seismic loads were performed in [8, 9].
Considering the gradual transition to the extraction of hydrocarbons at the great depth, the
research of the impact of various factors on the analysis of fixed deep-water platforms is actual.

The main part. The offshore fixed deep-water ice-resistant platform with the depth of
immersion 120 m(Fig. 1b) was accepted as the object of the research. The structure is presented
in a form of the spatial disc-bar system that rests on the pile foundation with the depth of
immersion 100 meters. Driven piles consist of metal pipes of cylindrical section with the
thickness of 20 mm and the diameter of 1820 mm that are filled with concrete mortal.

Discrete idealized models of the platform were used for the analysis. Standard spatial bar
elements and also rectangle and triangle finite elements of shell were used for structure
members modelling [5]. The first model was implemented without taking into account the
flexibility of the pile foundation. Piles and ground foundation were rejected and the supporting
part was attached to the absolutely immovable rigid body in this model. The flexibility of the
pile foundation and the action of ground foundation were taking into account by the addition of
elastic links in the second model. The interaction of foundation and piles was implemented by
using of finite elements that simulate the elastic connection between joints in this model. The
reaction of elastic ground foundation under external loads was replaced by the system of non-
dimensional concentrated elastic-flexible links that modeled the resistance of foundation to
linear displacements of a pile and its twisting around the longitudinal axis discretely. Links
formed special non-dimensional elastic-flexible supporting elements that connected joints of the
bar finite-elements model of a pile with immovable absolutely rigid body [5]. As a result of the
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dynamic analysis values of periods of first ten forms of natural oscillations of both models were
obtained (Tab. 1).

Besides the consideration of the impact of the pile foundation flexibility on the dynamic
analysis of the fixed platform the impact of the connected mass of water mediathat was
modeled in the form of additional distributed joints mass was also investigated. The
consideration of this factor is important when analyzing of the platform on the action of
dynamic loads that cause compatible oscillations of the structure with water media. In this case
some primary assumptions were accepted: 1) oscillations of the system «the structure — water
media» were expected to be small therefore the equation of oscillations of the structure and
water mechanics could be linearized; 2) fluid of water media was considered ideal scilicet such
that did not compress; 3) surface waves were not taking into account when determination the
connected mass of water media; 4) the consideration of the foundation flexibility was allowed
when analyzing of the system «the structure — water media». The determination of the
connected mass of water were performed by the adding the connected mass of fluid that is
included in the mass that was displaced by the immersed part of the structure to the structure
mass [10]. Results of analyzes are given in Table 2.

Table 1
Values of oscillations forms periods (T, s)
The form number The first model The second model The difference, %
1 2,659 2,893 8,8
2 2,351 2,808 19,44
3 2,025 2,194 8,35
4 0,682 0,931 36,51
5 0,638 0,801 25,55
6 0,582 0,757 30,07
7 0,547 0,652 19,2
8 0,460 0,555 20,65
9 0,450 0,540 20
10 0,436 0,506 16,06
Table 2
Values of oscillations forms periods taking into account the connected mass of water media
(T, s)
The form The first The second The difference for the The difference for the
number model model first model, % second model, %
1 2,907 3,768 9,33 30,25
2 2,792 3,274 18,76 16,6
3 2,203 2,646 8,79 20,6
4 1,267 1,793 85,78 92,59
5 1,114 1,550 74,61 93,51
6 1,076 1,427 84,88 88,51
7 0,950 1,324 73,67 103,07
8 0,945 1,303 105,43 134,77
9 0,885 1,135 96,67 110,19
10 0,838 1,021 92,2 101,78

According to the [11] the impact of the ice field in the winter period must be taken into
account when analyzing of offshore fixed platforms on the action of dynamic loads. The impact
of this factor was modeled by the addition of additional links that simulated the condition of the
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contact of the structure and the ice field. Therefore, additional supporting links that restrain
displacements of supporting part joints in both orthogonal directions of the horizontal plane
were added at the level of ice along the perimeter of columns in both models. This factor caused
the change of values of oscillations forms periods of models also (Tab. 3).
Table 3
Values of oscillations forms periods taking into account the connected mass of water media and
the influence of the ice field(T, s)

The form The first The second The difference for the The difference for the
number model model first model, % second model, %

1 1,160 1,453 -56,37 -49,78

2 0,985 1,425 -58,1 -49,25

3 0,928 1,258 -54,17 -42,66

4 0,916 1,252 34,31 34,48

5 0,915 1,240 43,42 54,81

6 0,896 1,160 53,95 53,24

7 0,868 1,109 58,68 70,09

8 0,813 0,943 76,74 69,91

9 0,793 0,917 76,22 69,81

10 0,779 0,866 78,67 71,15

Obtained values show that values of periods of natural oscillations form of the second model
where the flexibility of the pile foundation was taken into account exceeded corresponding
values of the first model on 8-20% depending on the form of oscillations. Taking into account
such factor as the impact of water media in the form of the connected mass affected the
dynamic analysis significantly: values of periods of natural oscillations of the first form
increased by 9-100%; values of periods of natural oscillations of the second form increased by
16-100%. The impact of the ice field and water media caused the decrease of values of natural
oscillations periods of both models of 50-70%.

Conclusion. Analyzes of models of deep-water platform show that taking into account the
impact of connected mass of water and the impact of the ice field changes values of periods of
natural oscillations significantly especially of the model where the flexibility of the pile
foundation was taken into account. Whereas values of dynamic indicators affect on the stress-
strain state of members of the structure therefore taking into account these factors is very
important when analyzing of offshore fixed platforms.
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Ocmanenxo P.M., Kapa I.]].
JUHAMIYHHUMA PO3PAXYHOK CTAIIIOHAPHOI INIMBOKOBOJHOI IIAT®OPMU

InpycTpianbHuii PO3BUTOK TICHO IOB’SI3aHUH i3 aKTUBHMM BHMKOPHUCTAHHSM BYIJICBOIHIB, OUIBIIICTH 3amacis
SIKMXPO3TAIIOBAHI B MOKJIaJaX MOPCHKOI'0 Ta OKEaHChKOro JieH.I1pu BunoOyTky HadTh Ha BenuKiil rimOuHi 3aHypeHHs
Haiyacrile BUKOPUCTOBYIOTH HadToBHA0OYBHI miiaTdopMu crarioHapHoro Tumy. IIpoTe BUKOPHCTaHHS TaKUX
TEXHOJIOTIYHUX CHOPY]] HE 0OMEXYEThCS JIMIIE iIHTepecOoM HadTOra3oBoOl IPOMHCIOBOCTI, OCKIIBKH BaXJIMBE 3HAUCHHS
BOHM MAaIOTh TaKOX JUIS BIMCBKOBMX Ta HaBiramidHux uineil. CrauioHapHi miatOpMHUNiAIAI0ThCA BIUIUBAM BUCOKOL
CEHCMIYHOCTI, BITPOBUX XBWJIb, CHJIBHMX MiJIBOJHMX Te4i Ta IMIyJIbCHOMY BIUIMBY IPU pyCi JIbOAOBHX IOJIB,
0cOOJIMBO TIpH €KCILTyaTalii B MiBHIYHMX MOpPsX.JlOCHDKyBaBCs BIUIMB Pi3HUX (DaKTOpIB HA 3HAUCHHS MNEPioay
BJIACHUX KOJIMBaHb MOPCHKOI CTAI[iOHAPHOI INIMOOKOBOIHOIKPUTOCTIHKOI Tu1aThopMu 3 IIIMOMHOW 3aHypeHHs 120 M,
sIKa ONMPAETHCS HAa MaJIbOBUN (PyHAaMEHT. J{J1st MpOBEICHHS aHalli3y BUKOPHCTOBYBAJIMCH JIBI 1/1€aJi30BaHi JUCKPETHI
Mozeni iatGopMu: mepia Mojelb, sika Oyia peaizoBaHa 0e3 BpaxyBaHHS MiJIATIMBOCTI (YHIAMEHTY Ta Apyra
MOZieNb, B SIKIH BPaxoBYBAJIMCh HiIATIMBICTh (yHAAMEHTY 1 Jis IPYHTOBOI OCHOBHMILISXOM JOJABAaHHA INPYXKHUX
B’s13¢if, 110 MOJEIIIOIOTh NPYKHHI 3B’A30K MiX By3siamn.Takox JOCIHIIKYBaIHCh BIUNIMBH TPHEIHAHOI MACH BOXHOIO
CepeIoBHIIIA, SKa MOJC/IIOBANIACH Y BUIIIA/I JOJATKOBHX PO3MOAIICHNX BY3JIOBHX MAacC, Ta KPHIKAHOTO 1OJIs B 3UMOBHIA
mepios, fKE MOJEIIOBANOCh JOfABAaHHAM JOAATKOBUX B’SA3e€d B MICHAX KOHTAaKTy CIIOPYAH 3 KpPHXXKaHHM
nosnem.Po3paxyHKy MOKas3aiM, WO NpPU BpaxyBaHHI Takoro (akTopy fK HiIATIMBICTh NanbOBOro (yHIAMEHTY
3HAYEHHS NepiofliB BIACHUX KOJIMBAaHb 301IbIIYIOThCS Ha 8-20%; 1npu BpaxyBaHHI BIUIMBY NPHUEIHAHOI MacH BOIAHOTO
cepenoBulla 30ubIIyt0ThCs Ha 9-100%;mpu BpaxyBaHHI Jii KpHU)KaHOro nouisi 3MeHIyeTbest Ha 50-70% 3anexHo Bin
(opMu KOJIMBaHB, 1110 € CYTTEBUMIPH BU3HAYECHHI HAIIPYXKEHO-1€(hOPMOBAHOIO CTaHy €JIEMEHTIB CIIOPY/IH.

KuarouoBi ciioBa: nepion KonuBaHb, rIMOOKOBOHA IAaT(opMa, JUCKpPETHA MOJEIb, NPHEJHAHA Maca, KpHXKaHe
moie.

Ostapenko R.M., Kara I.D.
THE DYNAMIC ANALYSIS OF FIXED DEEP-WATER PLATFORM

The industrial progress is closely related with active using of hydrocarbons more than half of reserves of which lie
in rock formations beneath seabed or ocean floor.For oil production at the great depth of immersion oil production fixed
platforms are used most often. But using of such technological structures is not limited only to interest of oil and natural
gas industry whereas they are important for navigation and military purposes. Offshore fixed platforms are exposed to
effects of a high seismicity, wind, waves, strong undercurrents and an impulse impact during the movement of ice fields
especially when exploitation in northern seas.The impact of different factors on the value of the period of natural
oscillations ofthe offshore fixed deep-water ice-resistant platform with the depth of immersion 120 m that rests on the
pile foundation was researched. Two discrete idealized models of the platform were used for the analysis: the first
model that was implemented without taking into account the flexibility of the foundation and the second model where
the flexibility of the pile foundation and the action of ground foundation were taking into account by the addition of
elastic links that simulate the elastic connection between joints.Also, impacts of the connected mass of water media that
was modeled in the form of additional distributed joints mass and the impact of the ice field that was modeled by the
addition of additional links were investigated. The analysis showsthat values of periods of natural oscillations form
increase by 8-20% when the flexibility of the pile foundation was taken into account; increase by 9-100% when the
impact of the connected mass of water media was taken into account; decrease by 9-100% when the impact of the ice
field and water media were taken into accountthat is significant when analyzing of stress-strain state of members of the
structure.

Keywords: period of oscillations, deep-water platform, discrete model, connected mass, ice field.
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The problem about the research the impact such factors as: the flexibility of the pile foundation, the connected mass of
water media, the ice field on the value of the period of natural oscillations of the fixed deep-water platformis
considered.
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