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KOJIMBAHHSI MOPCHKOI BYPOBOI INIAT®OPMHU ITPHA
CEMICMIYHOMY 3BYPEHHI OCHOBHA
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Kuiscokuil nayionanshuii ynieepcumem 6yoisnuymea i apximekmypu,
Hogimpogromcvkuii npocnexm., 31, m. Kuis. 03680

JlocnmikyeThesl peakiis MOpChKoi OypoBoi ruiarhopMu Ha celcMiuHe 30ypeHHs OCHOBH.
IopiBHIOIOTBCSL pe3yibTaTH, OTPUMAHi 3a NPIMHM JUHAMIYHHM METOIOM 3 BHKOPUCTaHHIM
CHHTE30BaHHX aKCelIeporpaM Ta 3a JOIOMOTOK0 JTiHIHHO-CIIeKTPaIbHOI Teopil.

KumrouoBi cioBa: Mopceka OypoBa matdopMa, CHHTE30BaHI akceleporpamu, ceiicMidne
30ypeHHSI OCHOBH.

1. Beryn

Po3ramryBanus pomoBuin HadTH i rady Ha 3Ha4YHId MIMOWHI B IIenbdi
YopHoro Ta ABOBCBKOrO MOpIB BHCYBa€ IiJBUINEHI BHMOTU IO
KOHCTPYKTUBHMX pillleHb TiJPOTEXHIYHHX CIIOpYyJ, 30KpeMa, CTalliOHapHHX
OypoBux miaTdopm™, 0 BUKOPUCTOBYIOTHCS SIK JJIsI PO3BiNyBalbHHUX POOIT,
Tak 1 Juigi BuaoOyTKy. BomgHouac mocTaloTh NUTaHHs, [OB’s3aHi 13
3a0e3MeuyeHHsIM HaAIHHOI  eKcIulyaTamii CIIOpyAM B 30HaX  BHCOKOL
CEWCMIYHOCTI IPOTATOM JOCHTH JIOBFOIO MNPOMIXKKY dacy. BiamosinanbHi
CHOPY/IH, 10 SIKUX BIHOCATH MOpchKi OypoBi mnatdopmu (MBII), marots OyTH
po3paxoBaHi Ha MaKCHMaJbHUH pO3paxyHKoBHH 3emuerpyc [l], mpudomy
HEOOXITHO TMPOBECTH TMEPEBIPKY CEHCMOCTIHKOCTI SK  3a JHITHO-
CHEKTpaJbHUM METOMOM, TaK 1 3a TMpsIMHUM JUHAMIYHEM METOJIOM.
BHUKOPHCTOBYIOUH PO3PaXyHKOBI aKceseporpamMH.

Hwxue HaBenmeHi pe3yabTaTH 3acTOCYBaHHS Takoro 0OaraToBapiaHTHOTO
I IX0/1y 10 pO3paxyHKy OypoBoi maThopmu.

2. Onuc mnargpopmu

HocmimkyBana Mopchbka —cTallioHapHa IUIaTGopMa  sIBISE  COOOO
MIPOCTOPOBY METAJIEBY KOHCTPYKIiO (pUC. 1, @), BUKOHAHY 3 METaJICBUX
NpoKaTHUX TPpyO HacTynmHuX Aiamerpis: 1420 mm, 1200 ymm, 630 rem, 600 vm Ta
530 mm.

3'emnanHs TpyO B miatdopmi 3ailiCHEHEe 3BaprOBaHHAM Ta Ha Oonrax. Bei
BY3JIM B PO3PaxyHKaX BBaXKalOThCs )KOPCTKUMH.

OcHoOBHI reoMeTpH4Hi Xapakrepuctiuku MBII:

- BUCOTA JIO BEpXiBKHU Bexki — 132 w;
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- TOBXKMHA — 55 m;

- mMpuHa mathopMu — 48 .

Po3paxynku Oynu mpoBeJeHI 3a JOMOMOTO0 METOJY CKiHYCHHUX
€JIEMEHTIB, peaji30BaHOMY B IIpOrpaMHoMy KoMIutekci Lira [2]. Po3paxyHkoBa
JIUCKPETHA MOJIENb CKIIATA€ThCs 3 862 By3miB Ta 2349 CTep)KHEBUX CIICMCHTIB

(puc. 1, 6).

a o
Puc. 1. Mopceka 6ypoBa mnathopma: ¢ — 3arajabHHIl BUNI; 6 — CKIHUEHHOGIEMEHTHA MOJIelIb

3. MopanbHuii anauais mogeni MBIT

3HavHa KiJIbKICTh JMHAMIYHUX PO3PaxyHKiB, Y TOMY YHCHI i JOCIIKEHHS
CeMCMIYHOI peakilii, 0a3yeThcs Ha JaHWUX MOJAIBHOTrO aHamizy. Taki maHi
JIAIOTH YSIBJICHHS! NMPO BHYTPIIIHI AWHAMIYHI BJIACTUBOCTI  JOCIIJDKYBaHOL
CHOpPY/IH 1, JO3BOJIAIOTH IPOrHO3YBATH, SIKUM YMHOM CIIOpy/a Oyae pearyBaTH
Ha TeBHi BUAU HaBaHTaXeHHs. B Tabnuui 1 HaBeneHi yacToTH ; Ta MOJAJIbHI

Macu G;, [Ki Bi/INOBiAat0Th BlacHUM (opMam, 110 Jal0Th HAHOLIBIIMI BHECOK
y ceificMiuHy peaxiifo miaTgopmHu.
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Tabmums 1
Ne actons : Iepion ?/I/I:(f; Mgﬂyﬁac
I e A I

1 5.497 0.875 1.143 14.889 14.889
2 5.686 0.905 1.105 29.716 44.605
3 8.014 1.276 0.784 12.735 57.340
4 10.094 1.606 0.622 8.086 65.426
5 11.285 1.796 0.557 2.433 67.859
6 18.538 2.950 0.339 0.039 67.899
7 19.453 3.096 0.323 5.990 73.888
8 19.576 3.116 0.321 0.446 74.334
9 20.469 3.258 0.307 0.008 74.342
10 20.929 3.331 0.300 0.045 74.386

Sk OaunMmo, HaWOUTBIIMKA BHECOK B CEWCMIUHY pEaklifo JaloTh IepI
YOTHPH BIIACHI popmu. Ix 300pakeHHs HaBeJICHI Ha puc. 2-5.

®opma 1

T=1.143 ¢, ®=5.497 pao/c, G=14.889 %

Puc. 2

T
70,
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®opma 2
T=1.105 ¢, ®=5.686 pao/c, G=29.716 %

Puc. 3
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®opma 3 ®opma 4
7=0.784 c, ®=8.014 pao/c, G=12.735 % 7=0.622 ¢, ®=10.094 pad/c, G=8.086 %
Puc. 4 Puc. 5

Sxmo crnpoOyBaTH KOPOTKO OXapakTepu3yBaTH (OpMH KOJNWBaHb, TO
HEoOXiMHO BiaAMiTHTH, MmO mnepma Qopma aHajoriyHa aeQOpMyBaHHIO
KOHCOJIbHOTO CTEpPXHS, SIKUH 3TMHA€ThCS B TUIOMIMHI HaiMEHIIOI KOPCTKOCTI,
npyra ¢opma aHajoriyHa meprii, ame npu aeopMyBaHHI B IUIOMIMHI
HaAMOINBIIOI  JKOPCTKOCTI; TMOYMHAIOYM 3 TPEThoi  (OPMH,  XapakTep
nepOopMyBaHHS CTa€ OUThII CKJIAQAHAM 1 MICTHTh 3aKpy4YeHHS BCi€l
KOHCTPYKIIi.

4. Pe3y1bTaTH AMHAMIYHOTO PO3PAXYHKY
OCKiJIbKY HaHBaroMimmmii BHECOK y CEHCMIYHY peakIlito aae apyra gpopma
(G,=29.617%) 3 mnepiomom BiacHux KomuBaHb 1,105c¢, TO 3rimHO i3

tabmuuero 6.10 IBH B.1.1-12:2014 [1] Oynu BUKOHaHI JOCTIDKEHHS peakii
CIOpyY/H Ha JIiro akceneporpam Vbér, Vb7r ta Vb8r.

Bynn mpoBeneHi po3paxyHKH Ha mdif0 9-0anbHOro 3emieTpycy SK 3a
NPSMUM JTUHAMIYHUM, TaK 1 3a JIHIHHO-CHEKTPaJIbHUM MeToAOoM. PesymbraTu
PO3paxyHKiB 3a MPSMUM AMHAMIYHUM METOJIOM Y BUIJIS/II TpadiKiB 3aJIeKHOCTI
BiJl Yacy TepeMilleHHs CepeaHbOi TOYKHM BEpXiBKHM MIOrTH (By30a 566) Ta
3ycuib (MO3JI0BXKHBOI 1 TONMEPEYHOi CHJI Ta 3TMHAJIBHOIO MOMEHTY) B
HAMOIIBII HAmNpY)KEHOMY CTEPXKHi, pO3TAllOBAHOMY B OIOPHIA 30HI
mwiatrhopmu  (ememeHT 748; HOro posranryBaHHsS IOKasaHe Ha puc. 1,0)
HaBEJICHI HIDKYE Ha pHCYHKax 6 — 14. 3ayBaxxumo, IO MPH PO3PaxXyHKY 3a
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MPSIMUM TUHAMIYHUM METOJIOM, JTO BY3JIiB, PO3TAIIOBAaHUX HIKYE PiBHS BOJIH,
OynM CTaTHYHO TPUKIIAACHI cd BenumduHO 0.12 m, sKi MOJAENIOBAIU OITip
cepeoBHIIa.
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Puc. 6. [lepemimmenns 566 By3na Mojeni B31oBxk oci X Bix nii akceneporpamu Vbor
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Puc. 7. TTo3nosxHst cuna N B 748 crepikHi Bif Aii akceneporpamMu Vbor
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Puc. 8. 3runaneHuit MoMeHT M B 748 crepxkHi Bix nil akceneporpamu Vbor
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Puc. 9. IlepemilenHs 566 By3ia cucTeMu B310BxK oci X (akceneporpama Vb7r)
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Puc. 10. ITo3noexHst cuyia N B 748 crepxHi Bif aii Vb7r
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Puc. 11. 3runansauii MomeHT M 748-y enementi mozeni (akceneporpama 1 Vb8r)
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Puc. 13. ITo3noexHs cuiia N B 748-y enementi Mojedi (akceneporpama Vb8r)
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Puc. 14. 3runaneHuii MoMeHT M B 748-y enementi Mmojeni (akceneporpama Vb8r)

[opiBHSHHS pE3yNbTATIB JOCTIHDKCHHS CEHCMIYHOI peaxilii MOpPCHKOL
OypoBoi 3a 1BOMa MeToJaMu HaBeseHi B Tabmumi 2. [Ipu 1pomy HaBeneHi B
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TaOMMILI pe3yNIbTaTH PO3PAXyHKY 3a MPSIMUM JMHAMIYHUM METOIOM OTpHUMaHi
LIJISIXOM OCEepEJHEHHS AaHUX, IO BiANOBIAAIOTH PI3HUM MOMEHTaM 4acy.

Tabnus 2
Pe3ynbpTaTi po3paxyHKy 3a MPSIMHUM JUHAMIYHIM
Pe3ynbTat po3paxyHky METOI0M
3a JIHIMHO-CHCKTPAIbHUM HasBa cuHTe30BaHOI aKceneporpamMu
MeTonoM Vboér | Vb7r | Vb8r
[Nepeminiennus 566 Touku (BepHIMHM) 110 Bici X, mu
401.8 | 4006 | 215.5 | 233.7
CepeiHe 3Ha4Y€HHS NMO03/10BXKHBOI cuiu N, kH
-4564.6 | -44034 | -36781 |  -34436
CepeiHe 3HaYCHHS 3THHAJIBHOTO MOMEHTY M, kI
1343.7 | 1365.6 | 857.2 | 888.5

5. BucHOBKH

Pe3ynpTaTi po3paxyHKIiB 3a MPSIMUM JUHAMIYHHM METOJOM IOKAa3ykOTh,
o Haioinbmi 3HaueHHs mapamerpiB HJC KOHCTpYKIIT criocTepiratoThes mpu
BHKOPUCTaHHI CHHTE30BaHOi akcenmeporpamu Vbor. OcepenHeHi 3HAYCHHS
MepeMIlIeHb 1 3YCHIb, IO BHHHUKAIOTH SK PEaKIlis Ha JII0 akKceIeporpaMu
Vbbr, € noOpe y3ro/KeHUMH i3 aHAJOTIYHUMH Pe3yIbTaTaMU, OTPUMaHUMHU 3
BUKOPHUCTaHHIM JTiHIHHO-CHEKTPaJIbHOIO MiJIX0My (pO30iKHICTH pe3ynbTaTiB
He mepeBuinye 1% s mepemimens i 5% is 3ycwis). Brkazana oOcraBuHa,
CBITYUTH MPO PEANICTUYHICTH PO3PAXYHKOBUX JAHHX, 3HAWICHHX 3a JBOMA
pi3HEMH MeTOIaMu. 3ayBa)KMMO TaKOX, 10 BUKOpUCTaHHS 1is aHamizy HJC
OypoBoi miardopmu akceneporpam Vb7r ta Vb8r mpu3BOIUTE O CYTTEBOTO
3aHIKCHHS 3HaY€Hb OCHOBHHX PO3PaXyHKOBHX MapaMeTpiB.
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Vorona Yu. V., Shcherbii V. I.
OFFSHORE DRILLING PLATFORM VIBRATIONS UNDER SEISMIC EXCITATION

The response of the offshore drilling platform to seismic base excitation is analyzed. The
platform is a spatial construction made of metal rolled pipes of various diameters. The connection
of pipes is done by welding and on bolts. All joints of the construction model are considered to be
rigid when analyzed. A modal analysis of the construction was performed and modal effective
masses as well as modal participation factors corresponding to eigenmodes were defined. The
analysis of the modal participation factors showed that the greatest contribution to the seismic
response was given by the first four mode shapes with almost thirty percent of the total modal mass
contributed by the second mode shape. This mode shape turned out to be similar to the mode of
deformation of the console rod that bends in the plane of greatest stiffness. The synthesized
artificial spectrum-compatible seismic accelerograms were selected from the set included in the
state building codes using oscillation period corresponding to the second natural frequency. The
response of the platform to the earthquake of seismic intensity 9th degree according to the
Medvedev-Sponheuer-Karnik scale was investigated. Two methods of the seismic analysis were
used. The first one was the linear quasi static Response Spectrum Method and the second one was
Direct Dynamic (Time History Analysis) Method. The results of calculations carried out using the
Direct Dynamic Method were averaged on the whole time interval and the data of such an
averaging were compared with the results of the Response Spectrum Method application. The
results proved to be consistent with each other - the difference does not exceed one percent for
displacements and five percent for internal forces and moments. This circumstance indicates the
reliability of the results obtained with the help of two different methods.

Keywords: offshore drilling platform, synthesized accelerograms, seismic excitation.

Bopona FO. B., ll]ep6uii B. 1.
KOJEBAHUSI MOPCKOM BYPOBOM IIJIAT®GOPMbI IPU CEMACMHUYECKOM
BO3BYKJIEHUU OCHOBAHUS

Hccnenyercst peakuusi MOpCkodl OypoBoit ruiaThopMmbl Ha ceficMHYEcKoe BO30YXKICHHE
ocHoBaHusi. CpaBHUBAKOTCS PE3yJbTaThl, MOIYYCHHBIC C HCIOJIb30BAHUEM CHHTE3UPOBAaHHBIX
aKCeJIeporpaMM | ¢ MOMOLIBIO JINHEHHO-CIIEKTPAIbHOW TEOPHH.

KarueBble ciaoBa: Mopckas OypoBas IIaTopMma, CHHTE3HPOBAHHBIC aKCEIepPOrPaMMBI,
celicMHYecKoe BO30y)KIeHNEe OCHOBAHUSL.
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Bopona 10.B., lep6ii B.l. KonuBanusi Mopcbkoi 0ypoBoi miatgopmm npu ceiicMivHOMY
30ypenni ocHoBH // Onip MarepianiB i Teopist copyn. —2016. — Bum. 97. — C. 135 — 144.
Hocnioxcyemvest peakyiss mopcokoi Oypoeoi naamgpopmu Ha ceticmiuHe 30YpeHHst OCHOBU.
Iopisniolomucs pe3ynbmamu, OMPUMani 3a NPAMUM OUHAMIMHUM MemOOOM 3 GUKOPUCTAHHAM
CUHME3068AHUX AKCeEPOSPaM ma 3a OONOMO20I0 JHIHO-CREeKMPATbHOT meopii.

Vorona Yu. V., Shcherbii V. I. Offshore drilling platform vibrations under seismic excitation //
Strength of Materials and Theory of Structures. — 2016. — Issue. 97. — P. 135 — 144.

Response of the offshore drilling platform to seismic excitation is analyzed. Results obtained using
modal analysis of the response spectrum and direct dynamic analysis are compared.

Bopona IO. B., Illepoui B. U. Koaedanust Mmopckoii 6ypoBoii miaTgopMsl npu ceiicMHYecKOM
BO30Yy:k1eHUH ocHOBaHHs // CONpOTUBIICHHE MaTepUaloB M TEOpHs coopyxeHmit. — 2016. —
Bem. 97. — C. 135 — 144.

Hccnedyemes  peakyust MOpckou  6ypogoil  naamgopmvl Ha - celicMuyeckoe 8030yicOeHue
ocrnoganus. CpasHueaiomces pesyibmamel, NOIYYeHHble C UCNOIb306AHUEM CUHME3UPOBAHHbIX
akcenepozpamm u ¢ NOMOUbIO TUHEUHO-CREKMPATbHOU Meopull.
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