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1. PacueTbl TRy6ONPOBOAOB ANA

JKcnnyaTalun B apKTUYECKUX YycnoBuax

Mpn pacyeTax TPYO6ONPOBOAOB, MPEAHA3HAYEHHbIX A5
KCMIyaTaummn B apKTUHECKMX YCIIOBUSX, TpebyeTcs
yYeET pAfa hakTopoB, HE pacCMaTpPVBaEMbIX MPU
MPOEKTUPOBAaHM 019 APYIUX PEMVIOHOB. K Takum
hakTopam OTHOCATCS YCNIOBUSA HArpy>KeHUs
TPy6ONPOBOAOB, B TOM YMCIIE B CBS3M C JIE0OBON
3p03Ven aHa, TasgHUEM MHOMONETHEN MepP3oThl U
nenoBon ak3apauun. Cam no cebe pacHeT BEPTUKaSIbHbIX
BbIMMOOB 1 MPOrMOoB TPYOOMPOBOAOB B CBS3N C
1Ie0OBOVI 9PO3MEN OHA CXOXK C aHa/IorMYHbIMM BUAAMMN
pacyeToB TPYOONPOBOAORB 3a Mpenenamm apKTUHeCKNX
PErVIOHOB. TeM HE MEHEE PacHeTbl AN apPKTUHECKNX
YCINOBUIA CBA3aHbI CO 3HAYUTESBHBIMI CIOXKHOCTAMM
NPV ONPEAENEHNN NCXOOHbIX YCIOBUM, TaKX Kak OmHa
MPOIETOB MeXAy TOHKaMm OMnopbl.

[nsi pacyeTa noBeaeHnst TpybonpoBoda ¢ y4eTom
npocaiKkn B pesynbTarte TasHst MHOrONeTHEMEP3/TbIX
MPYHTOB TpebyeTcs NMpoBeagHVe pasaesbHbIX U
COBMECTHbIX pacHeToB CrieaytoLLyx hakTopoB:
KOHIYKTVBHas U KOHBEKTVBHas Ternnonepenada ot
Tpy6oMnpoBoAa K MPYHTaM U CIOK MHOTOJIETHEN
MEep3/10Tbl, M3MeHeHVe 06beMa B CBsA3W C TasiHeM Jibaa
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1. Pipeline Analysis for Arctic Applications

Analysis of pipelines in arctic conditions requires specialized
considerations that do not apply to non-arctic fields. These
considerations include loading conditions such as those
associated with strudel scour, permafrost thawing and ice
gouging. Analysis of upheaval buckling and free spanning
associated with strudel scour is rather similar to that for
non-arctic applications; the main difference is, however, in
deriving the problem parameters (such as the free

span length).

Analysis of the pipeline for settlement due to permafrost
thawing involves a coupled or an uncoupled form of the
following analyses: conduction and convection of the

heat from the pipeline to the soil and permafrost; volume
change due to the phase change of the permafrost ice;
and soil consolidation and resulting settlement. A wide
range of sophistication and degree of coupling of these
analyses has been proposed, while development of a
standard approach to such analysis is still underway. Finite
element is usually used for the thermal analysis, with the
volume change and consolidation commonly performed
with simplified methods. Finite element, however, has been
used to perform all the three types of analysis. Analysis of
ice gouging of arctic seabed and resulting sub-gouge soil
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B COCTaBe MHOIONIETHEMEP3SIOrO MPYHTa Y KOHCONMOALMS
MPYHTOB, BefyLLas K npocagkam. B HacTosiLee Bpems
CYLLLECTBYET Liefblii psid, METO0B KOMMIEKCHOrO

pacyeTa YroMaHY TbIX (haKTOPOB, HO eAVHbLIN MoaXo[,

K peLLeHno Noao6HbIX 3aaay noka He BblpaboTaH.
O6bI4HO A5t aHaNM3a TePMOAVHAMUYECKIX MPOLIECCOB
NMPUMEHSAETCH METO[, KOHEYHbIX 3/IEMEHTOB, B TO BpeMs!
KaK pacyeTbl U3MeHeHNs 06bemMa 1 KOHCOMMAaLIMA 0BbIMHO
BbIMOSIHAOTCA MO YMPOLLEHHLIM METOAMKAM. TeM He MeHee
METO[, KOHEUHbIX SNTEMEHTOB MOXET MPUMEHATLCS 19
BCEX TPEX YNOMSAHYThIX BUOOB PacqeTOoB.

PacyeT nenoBo 3k3apaumin MOPCKOMO AHA B apPKTNHECKNX
YCIIOBUSIX 1 OBYCIOBMEHHOW el AedhOpMaLIM HYDKENEXALLINX
rMopof, (1 MPONOXEHHBIX B TPAHLLESIX TPYOOMPOBOAOB)
06bIYHO BbIMOMHAETCH OAHUM U3 CReayHOLLMX METOIOB.

[MNepBbIi METOR, 3aK/TKOHAETCH B MOAEMPOBAHNN
MPYHTOB MOPCKOMO Ha Kak Habopa HENMHENHO-YMPY X
31EMEHTOB, AeOPMUPYIOLLIXCH MOA, Harpy3Kow,
CO3[aBaeMom ancbeproM nm TOPOCOM, 1 NepeaatoLLnX
ee Ha 3arnybfeHHbIN TpybonpoBoa,. Bonee KOppeKTHbIN
Cnocob pacyeTa METOAOM KOHEYHbBIX 3/1EMEHTOB
CB$I3aH C MOAENMPOBAHNEM MOPOL, MOPCKOMO AHA Kak
3MNepOBO CETKU, a MeHee AehOpPMUPYEMbIX OOBEKTOB,
TakMx Kak TPybonpoBOdpl, - Kak larpaHXeBOn CETKM.
KoMbBrH1poBaHHas METOAMKA C UCMOSIb30BaHNEM
3NepoBbIX 1 narpanHxesbix ceTok (CEL) obnapaet Tem
NPEUMYLLIECTBOM, YTO OHa MO3BOSAET MOAENMPOBATL
IKCTPEeMasIbHbIE YCNOBUS dedopMaLiim rpyHTa

6e3 yLepba 419 TOYHOCTU OLIEHKI HaMPSPKEHNIA B
Tpy6onpoBoAe. Npumep pesynbTara pacHeToB Mo STOM
MeToaVKe npuBedeH Ha puc. 1 [ 6).

2. JloKanbHbliA pacyeT NOABOAHLIX Y3N0B TPY6ONPOBOAHOIM
CUCTEeMbl METO1I0M KOHE4YHbIX 3JIEMEHTOB

[ns MooenMpoBaHus NoaBOAHbIX TPYOOMPOBOAOB U X
Y3/10B, BKJIKOYaA y3/ibl IPOX0Aa Yepes CTeHKM, (hnaHLbl

1 3NEMEHTbI KPEMJIEHUS CTOSIKOB, TaKXXe NUCMONb3YEeTCS
nporpamma ABAQUS. Ha pric. 2 nokazaHa TunmyHas
MOAENb y3Ma NpoxoAa ABYCTEHHOro TPy6onpoBoaa Yepes
CTeHKW, cosgaHHas B nporpamme ABAQUS CAE.
OYHKLUMOHATBHbIE BOSMOXHOCTK Nporpamvbl ABAQUS
MO3BONSHOT BbIGOPOYHO 3aAaBaTh /151 KaKO0ro
KOMMOHEHTa 3Ha4YeHNst faBfeHns 1 TeMnepaTypbl, Ha
OCHOBE KOTOPbIX MOXXHO OLIEHWUTB MOBEAEHNE KOHCTPRYKLIN
B 3a[aHHbIX YCNoBMsX. VIMetoLLmecs B mporpaMme
MaKpOChI MO3BOSIAOT ONPEAENATh 3HAYEHNS HAMPSDKEHNUI
1 NOAPa3AeNnsTh X HA USMMOHbIE, MEMOPaHHBIE U
MEMOPAHHO-N3MBHBIE. [Tocne 3TOro NoNy4eHHble JaHHbIE
OLIEHMBAKOTCS HA MPEOMET COOTBETCTBUS YCTAHOBIEHHBIM
TpeboBaHUAM. Takast METOAMKA TaKXKe MOXXET
MPUMEHSTLCS /1 OLISHKN HaNPsXKeHWIA B NOMNepeyHbIX
LBax TpybonpoBoAos (CM. puc. 3).

MeTo, 06bEMHbBIX KOHEYHbBIX 2IEMEHTOB MOXKET
TaKXKe MPUMEHATLCA ANS MOAENMPOBAHMS Y310B
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(and buried pipeline) deformation is performed usually using
either of two approaches.

The first models the seabed soil as nonlinear springs

that deforms under the iceberg/ice ridge pressure and

that transfers the load to the buried pipeline. The more
sophisticated finite element approach involves modelling
the seabed soil with an Eulerian mesh, and the less
deformable objects, such as the pipeline, are modelled with
a Lagrangian mesh. This “Coupled Eulerian-Lagrangian”
(CEL) formulation has the advantage of being able to model
the extreme soil deformations involved, while keeping good
track of the stresses in the pipeline. An example of such
analysis output is shown in Figure 1 [Ref. 6].

Puc. 1. [Jedhopmariysa non 30HOM NELOBON 3K3apaLmm
MO AaHHbIM pacHeTa METOAOM KOHEYHbIX SIEMEHTOB

C MICMOJIb30BaHEM COYETAHNS SAEPOBON 1
JlarpaHXeBown CETOK

Figure 1: Sub-gouge Deformation derived using
Coupled Eulerian-Lagrangian Finite Element Formulation

2. Local Finite Element Analysis of Subsea Components
ABAQUS is also used to model subsea pipelines and
components such as Bulkheads, Flanges and Riser
clamps. A typical pipe-in-pipe bulkhead is shown in
Figure 2 and this is constructed using ABAQUS CAE.
Using ABAQUS the component can be loaded with
pressure, temperature, and the structural response can
be obtained. Macros are used to extract stresses, and to
then split them into bending, membrane, and membrane
and bending stresses. Appropriate code checks are then
undertaken. The analysis can also be used to assess the
stress loading in the girth welds as shown in Figure 3.

Solid FEA can also be used to design subsea
components such as clamp-on buckle arrestors which
are proposed to be used for reel lay as shown in
Figure 4 [Ref. 7]. FEA allows to study the phenomena
of collapsing/propagating of the pipe-in-pipe flowline,

ROGTEC | 51



Bl TPYBOINPOBO[A

Puc. 2: KomnnekcHoe 06beMHOE MOAENMPOBaHNE
Y3/10B MPOXOAA YePEe3 CTEHKN
Figure 2: Complex Solid Modelling of Pipeline Bulkheads

NMOABOAHbBIX TRYOOMPOBOAOB, TakMX Kak MydThl /15
3aWMThI OT PACMPOCTPaHEHUA CMATUS MPW YKNaaKe
TpybonpoBoaa ¢ bapabaHa (cMm. puc. 4) [7]. MeTog
KOHEYHbBIX 3/IEMEHTOB MO3BONSET aHA/IM3MPOBaTb
SABMEHVA CMATUS U PacnpOoCTpaHeHns gedopmaLiun

B MOABOAHbBIX ABYCTEHHbIX Tpybonposodax (Tuna

«Tpyba B Tpybe»), a Takxe oLeHnBaTb 3(PdEKTNBHOCTL
NPUMEHeHVA MyddT A8 3aLLMTLI OT PacipOCTPaHEHVS
CMSATUS MPW YKNagke riyboKOBOAHbIX TPYOONpPOBOAOB.
Takasa MeToayka NO3BONSET BbIMOMHUTE OLIEHKY BIINSIHUSA
OCHOBHbIX PaCHETHbIX XapaKTEPUCTUK Ha MoBedeHNE
TPYOOMPOBOAA C LIENBO MOYHEHNS NCXOOHbIX AaHHBIX
0N paboyero MPOEKTUPOBaHMA MydDT, MPENATCTBYIOLLNX
PacnpOCTPaHEHWIO CMATYS.

3. MukpomopenupoBanue (NoKanbHoe MoAen1poBaHue)
MeTon MVKPOMOZENMPOBAHUSA MOXET UCMONb30BaTLCH
0719 pacHeTa Hanps»KeHN B KOMbLEBBIX LLIBaX
TpybonpoBoaa (CM. prc. 5 11 6). [pn 3TOM TakKe BO3MOXKEH
YYET BIMSIHS paanalibHOM HECOOCHOCTU TRYO 1 AedheKToB
LBA B TEXHNHECKOM aHaade KputndHocTn (ECA).

MeTon, KOHEYHbIX 3NIEMEHTOB OTKPbIBAET LLMPOKME
BO3MOXKHOCT [7151 MPOEKTUPROBLLVIKOB Y MO3BONSET
aHaM3MPOBAaTL CIIOXKHbIE ABNIEHNS Ha NTOKaIbHOM 1
MMKPOCKOMUYECKOM YPOBHE.

KomnneKkcHbiii noAxoA K 060CHOBaHWIO TPACC TPY60NPOBOAIOB
Bbibop Tpacc nogBodHbIX ra3o- 1 HedhTeNPOBOOOB CBA3aH
C PSAOM 0COBbIX OBCTOATENBCTB W CNOXXHOCTEN. [Nns
BbIOOpa TPacC MCMOB3YETCA KOMMIEKC MPOrPaMMHbIX
CpencTs, B COCTaB KOTOPOro BXOOAT CPEACTBA CTOPOHHMX
MOCTaBLLMKOB 1 MpOrpaMmMa aHanm3a HanpshKeHnin

(eMm. puc. 7).

Mony4aeMble TpexmepHble MOAEN UCTIONb3YTCA ANs
BM3yanm3auyn CyLECTBYIOLLMX 1 BOSMOXHbIX TPacc
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BepxHAa obpasyioLlan
Tpy6bl Ha onope
Pipe to at support

Bepx KonbLeBoro Lwea
Girth weld top

HwxHAA obpasytoluan
Tpy6bl Ha onope
Pipe bottom at support

Hwn3 konbLeBoro wea
Girth weld bottom

e —

Puc. 3: [letasibHoe MOOENMPOBaHME KOSIbLIEBLIX LLIBOB
Figure 3: Detailed Modelling of Girth Welds

and to investigate the effectiveness of clamp-on buckle
arrestor for deep water flowlines. Sensitivities of key
design parameters can then be explored with the
purpose of guiding detail mechanical design of the
clamp-on buckle arrestor.

Puc. 4: MydhTbl Ansg 3almtsl OT
PacrpoCTPaHEHNS CMATNSA
Figure 4: Clamp-on Buckle Arrestors

3. Micro Modelling (Sub-Modelling)

The adoption of sub-modelling can be used, to analysis the
stress loading in the girth welds as shown in Figure 5 and
Figure 6. The effects of radial misalignment, flaw defects,
and linking this to Engineering Criticality Assessment (ECA)
can also be undertaken. The use of a FEA as a design tool
is very powerful, and allows one to address very complex
issues at a micro level.
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Puc. 5: [leTanbHas Mofeb CBapHOrO LBa C
pagnanibHOM HECOOCHOCTLIO

Figure 5: Detailed Modelling of Weld Detail with
Radial Misalignment

TPYybOoMnpPoBOAOB. YHET YKIIOHOB, BbICOTHbLIX OTMETOK

1 Npoduns MOPCKOro AHa B Xo4e NMPOKaaKu Tpacchl
Mo3BOMSET ONTUMM3UPOBATb BbIOOP ee MapLupyTa.
TpexmepHble KOOPAMHATBI TOHEK Tpacchl TPybonpoBoaa
MOCTYNatOT HENOCPEACTBEHHO U3 Moayna Fledermaus

1 MCNOMb3YKTCA ANa co3aaHns B nporpamme ABAQUS
KOHEYHO3NEMEHTHbIX MoAenen Ang noapobHOro pacyeTa
y4acTkoB TpybonpoBoaa. [JaHHble 0 KOOpAMHaTaxX TakKe
MOTYT UCMONBb30BAaTLCH 7151 MOCTPOESHNS YepTexel
Tpacchl Tpybonposoda. TunmyHoe n3obpaxxeHme Npodus

Puc. 6: [leTanbHas reoMeTpuyeckast Moaenb
CBapHOro LLBa C UCMOJIb30BaHNEM METOOUKM
MUKPOMOZENMPOBaHVA

Figure 6: Detailed Weld Geometry using the Sub-
Modelling Technique

An Integrated Approach to Pipeline Route Selection

The routing of subsea oil and gas pipelines and flowlines
pose particular challenges. Routing is undertaken by
integrating third party software with ‘Simulator’ stress
analysis tools, as shown in Figure 7.

The compiled 3-D model is used to plot existing and possible
flowline routes. The seabed slope, elevation, and profile can be
analyzed while plotting, leading to route optimization.

The flowline route XYZ coordinates are directly extracted
from Fledermaus and used to create finite element models

ARMAPIPE® I8l BETAFENCE

0)56 73 45.¢

dakc +32 (0)56 73 45 97
armapipe@betafence.com
www.betafence.com

CneuunanbHaa apMaTypHasi ceTka,
obecneunBaroLlas AONTOBEYHOCTb 3aLUTHBLIX
Kene3o06eTOHHbIX NOKPbLITUXA TPy6onpoBoaoB

ApmaTtypHas cetka ARMAPIPE® o6ecneuvBaeT HafeXHyo

3aWmTy MOPCKUX U Ha3eMHbIX TPy6onpoBoaoB, NoABepralowmxcs
BO34ENCTBUIO YAApHbIX Harpy3okK, ycagkv U coaBnuBalowmx
Harpy3ok B CypOBbIX yCIIOBUsX aKkcnnyatauuu. No3BonsieT cosgaBatb
3alMTHbIe NOKPLITUA, OTIMYAOLWMECH YHUKAIIbHbLIMUY NOKa3aTensmMmu
no crieAyloLMM NapaMmeTpam:

® ||eIOCTHOCTb, OAHOPOAHOCTL 1 MPOYHOCTbL, rapaHTUPYoLLVE
MOBBbILLEHHYO YCTOMYMBOCTb K YAapHbIM Harpyskam;

® BbICOKas 3N1aCTUYHOCTb, MO3BOSIAOLLAA CBECTU K MUHUMYMY
0bpaszoBaHue TPELLVH MNP MOHTaXXe TPybonpoBOAOB;

® BblaepaHHble OQHOPOAHbIE 3HAYEHNS Npeaena NPOYHOCTH
Ha oxaTve;

® ONrOBEYHOCTb 3aLLUMTHOMO MNOKPLITUSA, apMUPOBAHHOIO
rOpPS4eOLIMHKOBAHHOM CETKOMN.

B03MOXHOCTb MOCTaBKN U3AENMA cepun Armapipe C HYeTbIPEX 3aBOLOB B
pasHbIX CTpaHax Mupa no3BosiseT KoMnaHun Betafence HaxoouTs ribkue
peLleHns onist Hy>xf, Ito60ro npoekTa.
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Puc. 7: Bbibop Tpacchl TpybonpoBoaa ¢ MOMOLLIBIO
NporpamMMbl TREXMEPHOIO MOAENNPOBAHS
Figure 7: Flowline Routing using 3-D Software

Mo Tpacce TpyBonpoBoaa NoKasaHo Ha puc. 8.

[MporpamMMHbI KOMMAIEKC MO3BONAET NEPEHECTU C
YepTexXeln B TPEXMEPHYIO MOAENb CYLLECTBYIOLLME
Tpacchbl NOABOAHBIX TRYO6OMPOBOAOB, MPOaHaNN3NPOBaTh
NX XapaKTEPUCTVKK, BbIpaboTaTb 1 OLEHUTb
anbTepHaTVBHbIE BapuaHTbl Tpacc. Moagenu moryT
CTPOUTBCH HA OCHOBE AaHHbIX ABYX Pa3HOMAaCLUTAbHbIX
CBHEMOK (Hanpumep, no cetke 3 1 15 Mm). MNpu BoIGOPE
ONTUMAasIbHOW TPacChl NPeanoYTeEHNe OTAAETCS
NMPUBSA3KE K TOYKaM Hambonee KpynHomacLuTabHom
CEeTKM (C waromMm 3 M), HO MNP HEOBXOAMMOCTHU
npenycMoTpeHa BO3MOXHOCTb UCMOMb30BaHNUS
BapVaHTOB, NOMaaaroLLMX Ha yHacTKN, HE OCBELLEHHbIE
JeTanbHOM CbeMKoWM. Ha puc. 9 nokasaH npumep
TPEXMepPHOM Modenn TpybonpoBoaa C yKasaHnem
YKJTOHOB MO MEPBOHAaYanbHOM Tpacce.

Ha ocHoBe faHHbIX CheMKM (OPMUPYETCS TPEXMEPHAas
MO[€efNb, CKOMOVHMPOBAaHHAA C LIBETOKOANPOBAHHOW
KapTOW y4acTKa, YTO MO3BOMLAET NPeacTaBUTb

BCE [aHHble BU3yasibHO. [1ns ynpouleHnsa aHanmsa

B MOAESIb BK/IOHAKOTCH KapThl C 0603HaYeHEM
BbICOTHbIX OTMETOK U YKITOHOB LIBETOBOW KOOMPOBKOW.
OTobpaxkeHne yKNOHOB Ha KapTe LUBeTOM obnervaeT
n3yyeHne penbeda MOPCKOro AHa, C BblOeNeHNEM
Yy4aCTKOB, HanMeHee 61aronpUaTHbIX A9 NPOKNaaKM
Tpybonposoaa. Nprumep Mogenn ¢ rpanHecKnMm
0603Ha4YEeHNAMU BbICOTHBIX OTMETOK U YKJIOHOB MOKa3aH
Ha puc. 10. Ha mogenn ¢ ykasaHeM BbICOTHbIX OTMETOK
OTOBpaXKaKTCs CBeAeHMS O rybrHe Mops, BKIKOHas
Yy4aCTKM C HauMeHbLLEN (BblAENEHO PO30BbIM LIBETOM) U
HanbosbLUEN (BbIAENEHO TEMHO-(UONETOBBIM LIBETOM)
ryouHom Mops. KapTbl C LBETOBOW KOOMPOBKOW OaHHbIX
MOTMyT UCMONBb30BAaTLCA AN aHanM3a CyLECTBYOLLMX U
NPOKagKM anbTepHaTUBHbIX Tpacc. Ha puc. 10 Takke
npuBeaeHa paclumdpoBka 0603HA4EHNN YKITOHOB U
obpagel, npotuas No Tpacce Tpybonposoaa. YKIOHbI
YKa3bIBaKOTCS C TOYHOCTBIO 00 AeCATbIX AOMen rpagyca.
[Mpn oTOBPaKEHNM [AaHHBIX MOAENPOBAHNS
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Puc. 8: [Npochnb no Tpacce TpybonpoBoaa
Figure 8: Route Profile

in ABAQUS for detailed span analysis. The coordinates may
also be used to create flowline alignment drawings. A typical
flowline profile is shown in Figure 8.

Current flowline routes from the Subsea Field Layout
Drawing can be plotted in the 3-D model and analyzed,
alternate routes can be identified and studied. The

model can be complied from two different sets of survey
information if required, for example, data sampled at
3-meter and 15-meter intervals. When selecting optimized
paths the routes are preferred to stay in the detailed survey
data set (3-meter) but other options which fall outside
detailed survey data can be used. Figure 9 shows an
example of a 3-D model, and indicating initial route slopes.

The 3-D model is assembled using the survey data and
color maps are applied to visually describe the information.
The model can be analyzed using color maps describing
elevation and slope. The slope color map gives an
enhanced perspective of the seabed floor easily highlighting
avoidable and problem areas. The model shaded with
elevation is show in Figure 10. The elevation color shades
the model based on water depth with the minimum in pink
and the maximum in dark purple. This color map can be
used to analyze the model and plot the possible alternate
routes. The slope legend and example profile are also
shown in Figure 10. Slopes are in decimal degrees.

The models are viewed with a vertical exaggeration factor
of 6 to clearly show avoidable areas, without amplifying
the rate of change it would be difficult to pinpoint problem
areas. Once the route has been optimized, it is exported

Puc. 9: YknoHbl Mo NepBOHaYanbHOM Tpacce

Figure 9: Initial Route Slopes
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BEPTUKASIbHbBIN MacLLITab yBENMHMBAETCA B LLECTb Pa3
0715 0bnerdyeHrs pacrnosHaBaHNs HEBNAroNPUATHBLIX
07191 NPOKNaAKN TPACChl YHaCTKOB, MOCKOSIbKY 6e3
HEMPOMOPLIMOHAIBHOrO MacLLUTabUpOBaHUS NX ropasao
CITIOXXHEE TOYHO BbIAENTb Ha KapTe.

[Nocne NpoKagKy oNTUMasIbHOW TPaCChl 88 KOOPAMHATbI
nepeHocaTcst B nporpamMmy ABAQUS ans pacqeta
TEenJIoBOro pacLumpeHna n HOKOBOIro BbIny4rBaHnA
TPYOoMpOoOBOAA C LNk 06eCneqeHs HaaeXKHOCTU
BbIOPAHHbIX MPOEKTHBIX PELLEHWI.

ONTYMMU3aLMST TPACChI 38 CHET NPUMEHEHNS
NPOrpPamMMHOr0 06ecrnedeHNs Onst TPEXMEPHOro
MOAENMPOBaHKs B CoHeTaHUM CO CPeAcTBaMn pacyeTa
HaMPSXKEHW MO3BONSET COKOHOMUTL 3HAYUTENbHbBIE
cpencTtsa. TpexmMepHasi BU3yannaauyst 3Ha4YUTenbHO
MOBbILLIAET KA4eCTBO y4eTa 1 aHam3a penbeda
MOPCKOro AHa 1 SBASIETCS PEKOMEHIyeMbIM METOLOM
peLLeHMs HXeHepHbIX 3aaa4. OnmMcaHHbI MeTop,
HeJaBHO OblN MCMOIBb30BaH NPW MPOEKTUPOBaHN
TpybonpoBoaa Ha TeppuTopun MHOoHe3nu.

0T ABTOPOB

Komnannsa J P Kenny 6narogaput Bcex, KTo NpeaocTaBun
CBEEHVIS, NCMOSMb30BaHHbIE MPW MOArOTOBKE HACTOSLLIEN

ctatbi. Ocobast bnarogapHOCTb BblpaxkaeTca Mpod. Kyke
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Puc. 10: Mofesnb ¢ LUBETHOW KapTon 1 yKa3aHNeM
YKJIOHOB
Figure 10: Slope Color Map Model

into ABAQUS, and pipeline expansion and lateral buckling
analysis can be undertaken to ensure a safe and robust design
An optimized route using 3-D software, integrated with
stress analysis, will allow significant financial savings. 3-D
visualization provides significant benefits in understanding
the seabed morphology and is the preferred choice for
engineering applications. This methodology has been
recently adopted on a project in Indonesia.
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