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[ToVIMEHeHVIe YCOBEPLLIEHCTBOBAHHBLIX CPEACTB
aHaM3a METOAOM KOHEYHBIX 9/1EMEHTOB /15
pacyeTa 1 MOASIMPOBAHA NOABOAHBIX HEDTE- U
ra30npOBOAOB V1 VX Y3/10B

The use of Advanced Finite Element Analysis Tools
for the Design and Simulation of Subsea Oil and
Gas Pipelines and Components
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YEM BbI3BAHA HEOBXOAUMOCTb NPUMEHEHWUA
YCOBEPILUEHCTBOBAHHbIX CPEACTB [AN1A AHANU3A METOZIOM
KOHEYHbIX JNIEMEHTOB?

TeMnbl NoTpebneHns Hedb T 1 rasa B MUPE NOCTOAHHO
PACTYT 1, Kak CeAcTBMe, BO3HMKAET NOTPEeGHOCTL B
MCMNOSE30BaHNM HOBbIX BOSMOXXHOCTEN 1 peannaaLm
NMPOEKTOB, KOTOPbIE paHes Bbl HEOCYLLIECTBUMBIMM MO
TEXHUYECKIM NI KOMMEPHECKIM COOBPAKEHNAM, HO
CerodHsi CTaim SKOHOMUYECK LIeIECO0BpasHbIMM.

TexHuuyeckue npobrembl

B psige cnydaeB OTCYTCTBME HEOOXOOMMbBIX TEXHOMOMIA
MO0 X [OPOrOBM3HA MOXET MPUBOAUTL K TOMY, YTO
MPOEKTbI OCTAOTCA «3aMOPOXKEHHBIMW» B TEHYEHNE

MHOIX JIET. B nuTepatype onpeneneHbl TEXHUHECKNE
NPo6EMbI 1 OTCYTCTBYHOLLME (HEQOCTYMHbBIE) TEXHOOMN,
OKasblBatoLLe CYLLIECTBEHHOE BO3AECTBIE Ha
NPOEKTUPOBaHWE HePTE- 1 ra3oMnpPoBOLOB 1 NOABOAHOMO
o06opynoBaHns [1]. OCHOBHble TEXHNYECKME NPOBIEMBI
CBs3aHbl CO crneaytoLmmMim paktopamu: 6onbLuas rinyéuHa,
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WHY USE ADVANCED FINITE ELEMENT ANALYSIS?

The world is consuming oil and gas at an ever increasing
rate and, as a result, there is demand to exploit new
opportunities and make projects that were once not
technically or commercially feasible, now viable in a cost-
effective manner.

Technical Challenges

Technology gaps exist and the inability to bridge that
gap, due to technology either being unavailable or just
too expensive to implement, has put some projects
‘on-hold’ for many years. A number of engineering
challenges, or technology gaps, have been identified
that has a significant impact on the design of oil and
gas pipelines, and subsea equipment [Ref. 1]. The main
technical challenges that exist are identified as; deep
water, high pressure/high temperature, flow assurance,
and thermal buckle management. It is now common
place for subsea systems and pipelines to be installed
in water depths in excess of 1,000 meters (3,300ft).
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PIPELINING

BbICOKWE [aBneHne 1 TemnepaTypa, obecrneveHe
BecnepebonHOoro NOToKa NPoAyKLuK 1 6opsba ¢
TepMUYeCKMN aedopmMaiamun. B HacTosiLLee Bpems
noaBoaHoOE 0bopyaoBaHME 1 TPYOONPOBOAbI HaCcTO
MOHTUPYHOTCA Ha riybrHax 6onee 1000 m (3300 dhyToB).
KpynHble KOMMaHUM-onepaTopbl paccMaTpuBatoT
MPOEKTbl COOPYXKEHWSI MPOMbICIOBbIX TRYOONPOBOAOB

B MeKCUKaHCKOM 3anvBe Ha riydrHax BnaoTb 40 3

TbiC. M (10 TbIC. dhyTOB). Pac4eTHOE aKCcMyaTaUmMOHHOE
naBnenHne Hepeako goxoamt Ao 700 6ap (10 Tbic. yHT/
aronm,) 1 6onee npu Temnepatypax 160 °C (320 °F). B
HacTosILLiee BpemMs crielpanicTaMmi KpyrnHoro onepatopa
MEeCTOPOXAEHUS B MEKCHKaHCKOM 3aiMBe BeaeTcs
NPOEKTUPOBaHNE OObEKTA C PACHETHOM TEMMNEPATYPOM
177 °C (350 °F). Takme ycnosusa co3garoT psig, TRYOHOCTEN
Mpu BbIOOpe MaTepuaroB 1 METOO0B NPOEKTVPOBaHNS.
[Mpu CTOSb BbICOKMX TEMMNEpaTypax HopMaTVBbI
MPOEKTUPOBAHWS, OCHOBAHHbIE Ha Harpy3kax, CTaHOBSATCS
HEeMPUMEHUMbIMW, MO3TOMY U151 MPOEKTUPOBAHNS TaKkX
TPyOOMNPOBOAOB HEOOXOAMMO MPUMEHSATE METObI
npenenbHbIX COCTOSHNN.

Mpokraaka Tpacc n usbicCKaHUA

[Npoknapka Tpacc NogBoAHbIX HedTE- 1 ra30MNPOBOLOB

1 MPOMBICIIOBbIX TPYOONPOBOAOB COMPSPKEHA C
OOMONHUTENBHBIMU TRYAHOCTAMU. SDODEKTVBHBIA MAOPT
TPEXMEPHbIX AaHHBIX U3bICKaHWA NpeacTaBnseT cobom
CIOXKHYKO MaTeMaTUHECKYIO 3a4ad4y, 1 BbIMOTHEHVE
COOTBETCTBYIOLLMX PACHETOB MOXKET OKa3aTbCH
[0POrocToALLMM nMpoueccoM. OnTManbHbIA BbI6OP
TpacChl MOXET AaTb CYLLECTBEHHYKO SKOHOMMIO CPEeACTB
3a CHET COKPALLEHNS MPOTAXEHHOCTU TPYOOMPOBOAa,

a Takke CBECTU K MAUHUMYMY 13rbbl 1 HArpy3Kkun Ha
TPybOoMpPOBOA, ECNM €ro Tpacca MPoKaabiBaeTCca B 06xon
HeBaronpPUATHBIX YHaCTKOB HEPOBHOIO MOPCKOro AHa,
KaMHeN 1 Opyryx NpenaTcTBUA. 3a10roM ycrexa ABnseTcs
ObICTPbLIN 1 3MEKTVBHBIN UMMOPT AaHHBIX N3bICKAHWIA

B MPOrpaMMHOe CPeaCcTBO AJ19 UX TPEXMEPHOIrO
npencTasneHns. Kak npasunio, Belbop Tpacehl
OCYLLIECTBASAETCS MyTEM VMHTErpaLym NPOrpaMmMHOrO
obecneveHnst, paspaboTaHHOro CTOPOHHEN OpraHn3aumen,
CO CPeAcTBaMM 411 aHaM3a METOAOM KOHEYHbIX
S/1EMEHTOB, KaK MPeLCTaBeHO B HACTOSALLEM OOKTaae.

Llenecoo6pa3Hoe peLieHue

B nocnenHee Bpemsi K KOMMaHWsIM, 3aHMMaroLLIMMCS
MpoeKTUPOBaHMeEM TPyBOMPOBOAOB U MOABOAHbIX
COOPY>KEHWUI, MPebABNSOTCA OONee BbICOKNE
TpeboBaHNS B OTHOLLIEHWM MONCKA 3KOHOMUHECKM
3(hHEKTUBHbBIX PeLLEHWA 415 NOA0OHbIX Mpobnem. OgHMM
13 NyTeln SBNSETCS NPUYMEHEHME YCOBEPLLIEHCTBOBAHHbIX
CPenCTB pacyeTa, B HaCTHOCTU, aHam3a METOOOM
KOHEYHbIX 3/1EMEHTOB, MPY MOAEIMPOBaHNW, pacHeTe

1 NPOEKTVPOBaHNM TPYOOMPOBOAOB U NMOABOAHbBIX
COOPY>XEHWNI. 3TV CPEeacTsa Jat0T BOSMOXXHOCTb
ONTUMM3MPOBATL MPOEKT 3a CHET NONyHeHNUst 60MbLLIEMO
obbemMa TEXHNHECKOM NHDOPMaLmMM Be3 BbINONMHEHNS

www.rogtecmagazine.com

Flowline designs are presently being considered,

for a major operator, in the Gulf of Mexico (GoM)

for water depths down to 3,000 meters (10,000ft).

High Pressure and High Temperature (HP/HT) with
pressures in the order 700bar (10,000PSI) or more, and
temperatures being considered up to 160°C (320°F)
are not uncommon. For a major operator in the GoM,
temperatures up to 177°C (350°F) are presently being
considered. This can present real design challenges in
the choice of materials and in the design methodology.
Stress based design codes are no longer applicable at
these high temperatures, and the solution is to design
such pipelines using a limit state methodology.

Routing and Survey

The routing of subsea oil and gas pipelines and flowlines
pose particular challenges. The importing of 3-D survey
data efficiently is a numerical challenge and can be
computational expensive to undertake. Routing can
have significant financial benefits if the length of the
pipeline is reduced, and it can also minimize undue
bending and stress on the pipeline if the pipeline is
re-routed around onerous undulating seabed, rocks,

or imperfections. Importing survey data into a 3-

D visualization tool quickly, and efficiently, is key to
success. Generally, routing is undertaken by integrating
third party software with FE analysis tools, as will be
demonstrated within this article.

Viable Solution

In recent times, there has been a greater requirement for
pipeline and subsea design companies to tackle these
engineering challenges in a cost-effective manner. One
such way is to use more advanced analysis tools, such
as finite element analysis to model, simulate, and design
both pipelines and subsea components. This will allow
designs to be optimized with a greater understanding

of the Engineering complexities, without having to
undertake expensive large scale tests, and hence a
viable, workable, solution can then be obtained.

Cost Savings

An optimized design will provide ‘added-value’, and
ultimately provide capital cost savings to a project.
The detailed factors for a successful project have been
identified [Ref. 1] as the following:

» Innovation: Novel ideas, lateral thinking,
and original ideas;

» Advanced Numerical Tools: ‘Bespoke’ software, path
dependent, highly non-linear;

» Competency: Range of backgrounds, highly qualified,
years of experience.

These factors allow you to drive down to an optimised

solution, and experience from a project is then feedback
into the next one, and this allows projects to deliver and
evolve. By knowing what you are doing, through the use
of analysis tools and experience, ‘added-value’ can then

ROGTEC | 71



B TPYBOMNPOBO[

[0POrOCTOSLLMX KPYMHOMACLLTaOHbIX CMbITaHWIA, MO3BOSSS
MOSYHYNTb LIENECO0OPa3HOE U BbINOHMOE PeLLIEHE.

OkoHOMUA 3aTpaTt

OnTUMU3MPOBAHHBIN MPOEKT 0B6ECMEHYMBAET MNOBbILLEHNE
3(MHEKTUBHOCTU U, B KOHEYHOM UTOIE, SKOHOMUKO
KanuTaslbHbIX 3aTpaT Ha pean3aumio NpoeKTa.
OCHOBHble (haKTOpPbI YCMELLHOM peann3auun npoekTa [1]
NePEYNCEHbI HAXKE:

» /IHHOBaL: HOBble UOEW, PACMPOCTPAHEHVE MAEN B
HOBble 0BNacTW, OpUrMHasbHbIE NOEW;

» yCOBepLLIeHCTBOBaHHbIe BbIHCIINTESIbHbIE CPpEeacTBa.
«3aKa3Hoe» MporpamMMHoe obecrneyveHne, C y4eTOM
MocnenoBaTenbHOCTY BbIMUCTEHWA, C 60SbLLON
CTeneHbO HENMMHENHOCTW;

» KOMMeTeHLVA: LUMPOKNIA NPOdnSIb, BbICOKas
KBanMmKaLusi, 60MbLLIOW OrbIT.

311 hakTopbl NO3BONSIOT MNOYHUTb ONMTUMASBHOE
peLLeHue, NP 3TOM OMbIT pean3aummn OAHOro NpoexkTa
YUUTBIBAETCS MpU paspaboTke cneayroLlero, obecneymsas
BO3MOXHOCTb pa3suTus. OnTrMmMsaums npoLecca Hapsdy
C NPYMEHEeHNEM CPECTB U OMbITa PACHETOB MO3BONSET
MOBbICUTb 3PDEKTUBHOCTL NMPoekTa. CodeTaHne BCEX TPEX
NEePEYNCEHHbIX SNEMEHTOB 0OECMNEYMBAET Pa3pabdoTKy 1
ONTUMN3ALMIO MPOEKTHbIX PELLEHWIA 1 9KOHOMUIO 3aTpar.

YCOBEPLLEHCTBOBAHHbIE CPEACTBA aHAIM3a METOAOM
KOHEYHbIX 3/IEMEHTOB MOMYT MPUMEHSATLCS MY OBLLIEM
MOZENMPOBaHM TPYBOMPOBOAOB, MO3BOSAA MOMYHUTH
[JaHHbIe MO MOOEN 1 PeaKLMAM. ITOT MPOLIECC OT/INMHAETCA
BbICOKOW CTEMEHBLIO HEIMHENHOCTW, HEOOXOAUMOM U3-

3a HEJIMHENHOCTI CBOVCTB MaTepuasion, 60sbLLINX
OechopmMaLmin 1 B3aMMOAEACTBIN Tpyba-MpyHT. JaHHbIN TVn
aHanM3a MOXET MPUMEHATLCSA A5 pacHeTa MPOBUCAKOLLINX
YHACTKOB, CMSTUS B FOPU30HTA/TBHOM MIIOCKOCTU U YKINAOKN
C GapabaHa. NprMepPbI TaKKX PACHETOB NPVBEAEHDI

B MOCNeOyoLLMX pasaenax HaCTosALLEro AoKnaaa.
HenmHemHOCTb MpUBNEKAET 0COB0e BHUMAHWE, B MEPBYIO
o4epepb, NPV MPOEKTUPOBaHW TRYBOMPOBOAOB A5 PaboThl
B YC/TOBUSIX BbICOKMX TEMMEPATYP, KOrAa pacHeTbl Mo
Harpy3kam CTaHOBATCS HEMPUMEHMBIMU U MPUHMAKOTCSA
pacyeTbl METOAOM MPEAENBHBIX COCTOAHMN.

Bo-BTOpPbIX, aHaN3 METOOOM KOHEYHbIX 3/1IEMEHTOB
NPUMEHSAETCS NS BbINOSHEHNS «IOKASIbHOMO» O6BEMHOIO
MOOEIMPOBaHNS CIOXHbBIX KOMMOHEHTOB MOABOAHbLIX
COOPYXXEHUI, TAKNX Kak Neperopoaku, hnaHLpl,
COEOVHEHNS HAa OOBbEKTAX 1 CrvpanbHble TPYObl. BeicTpoe
1 3 heKTNBHOE CO3aaHNe MOAENEN METOOOM KOHEHHbIX
3NEMEHTOB SBNSIETCA BXKHENLLEN 3a0a4el, PELLEHNE
KOTOPOW NO3BONSAET 3(PHEKTUBHO BbIMOMHUTL 0OCHET
Pa3NNYHbIX BAPUAHTOB MPOEKTA U HAUTN ONTUMAasTbHOE
MPOEKTHOE PELLIEHNE.

B TPETLNX, BAXKHbIM MOMEHTOM ABJIAETCA KOMIMIEKCHBbIN

NOAX04 K BbIGOPY MapLLpyTa TPacchl (Ha OCHOBe
TPEXMEPHOro NPOrPaMMHOr0 06eCreYeHs 1 pacyeTa
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be given to a project. It is the combination of all three
elements that allows design solutions to be developed,
optimised, and then achieve cost savings.

Advanced Finite Element Analysis can be used to
undertake global modeling of pipelines, and this allows
the simulation and response to be obtained. This is a
highly non-linear process, due to material non-linearity,
large displacements, and pipe/soil interaction. This type
of analysis can be used to undertake span analysis,
lateral buckling and reeling analysis. Examples of these
are described within the following sections of this paper.

Non-linearities can be a particular issue when designing
pipelines at high temperatures, stress based design can no
longer be used, and a limit state based design is adopted.
Secondly, Finite Element Analysis can be used to
undertake ‘local’ solid modeling of complex subsea
components such as; bulkheads, flanges, field joints
and spiral pipe. Constructing FE models efficiently,

and quickly, is key and it allows design iterations to be
efficiently undertaken to allow an optimized design

to be achieved.

Thirdly, an ‘integrated’ approach to route selection, using
3-D software and stress analysis, to reduce pipeline
length and minimise intervention is important. If the
survey data, route selection and stress analysis can be
undertaken quickly and efficiently, this will allow design
iterations to take place in a cost effective manner.

Time spent at this iterative design stage, when
undertaken efficiently, could then have a significant
financial saving in terms of the Engineering.

Through advanced analysis tools, the challenges of
deepwater and HP/HT can be addressed by integrating
analysis tools with pipeline design methods, such as
Limit State Based Design (LSBD). Pipelines are designed
using this approach, and optimised wall thicknesses can
be obtained, and this then allows significant financial
savings, in linepipe costs, if undertaken correctly.

To accurately model and predict the ultimate failure of a
pipeline requires looking at the limit states so as to gain
an adequate margin of safety between the design loads
and ultimate failure. The major target is to investigate the
ultimate limit states, and a FE model is used to provide
all

of the pipeline response data as input for each limit state.

ADVANCED PIPELINE ANALYSIS AND DESIGN TOOLS

The key to undertaking complex designs of pipeline
systems is to use advanced analysis tools. These
analysis tools can undertake global modeling of
pipelines, local modeling of subsea components, and
micro modeling of pipeline welds. Examples of these
different types of FE modeling is described in the
following sections.
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PIPELINING W

Harpy3okK), Npy KOTOPOM COKpAaLLIAETCS MPOTSKEHHOCTb 1. Global Modelling
Tpy60onpoBOAa 1 CBOOATCS K MUHUMYMY BO3OENCTBUS. The wide range of proprietary advanced FEA tools that
BeicTpas n sathdexTrBHas 06paboTka AaHHbIX U3bICKaHWIA, allow the accurate prediction of pipeline responses,
BbIOOP TPACChI M pacHET HArpy30K MO3BONSIOT CIKOHOMUTL  which has been developed, is called ‘Simulator’. The
cpeacTea Npu 0BCcHeTE pPasNYHbIX BapUAaHTOB MPOEKTA. FE engine is the commercial software ABAQUS [Ref.
A heKTUBHOE NCMONB30BAHNE BPEMEHN Ha 3Tane 2]. The models include elasto-plastic materials, 3-D
PaCCMOTPEHMS PA3NNHHBIX BAPUAHTOB MOXET AaTb route geometry, peak, and residual modeling of axial
CYLLIECTBEHHYIO 3KOHOMWIO 3aTpaT Ha MPOEKTHO- and lateral soil pipe forces. Pipe-in-Pipe (PIP) and single
KOHCTPYKTOPCKME paboThbl. pipe models have been developed. Each model is fully

checked and validated. Many of the models have been
MpUMEHEHME YCOBEPLLEHCTBOBAHHbLIX CPEACTB aHanMaa benchmarked against observed pipeline behavior.
MO3BOSISIET paccMaTpyBaTh NMPobsieMbl, CBA3aHHbIE The ‘Simulator’ analysis is a static large deflection
C YCOBUSIMU GOMLLLVX FNYGVH, BbICOKVIX 3HAYEHI analysis and includes all relevant non-linearities such as
[AaBMEHS 1 TeMMepaTypbl, MyTeM UHTErpaLyii CPeacTs large deflection and large rotations, elasto-plastic pipe
aHanmsa ¢ MeTodamm MPOEKTUPOBaHMS TRYOOMNPOBOAA, materials interpolated over relevant temperature ranges,
TaKVMU Kak PacHeTbl METOLOM MPEAESbHbIX COCTOSHUIA. and non-linear pipe-soil interactions.
[NpoekTupoBaHne TPYGOMPOBOAOB C MPVMEHEHNEM
[AaHHOro noaxona 1 PacyHeEToM OMTYMaSIbHbIX TOSLLH Tools have been developed that undertake the foIIowing
CTEHKM TPYO, MNPV MPaBUILHOM BbIMOMHEHWW, MOXET AaTb design activities;
3HAYUTENBHYIO SKOHOMWKO CPEACTB. » Upheaval Buckling;

» Lateral Buckling;
[ns TO4HOro MOAENMPOBaHNSA 1 NPOrHO3MPOBaHWA » Single pipe and PIP response;
paspyLLeHra TpybonpoBoaa HEOOXOOMMO PaCCMOTPEHME » Reeling Analysis;
npefenbHbIX COCTOSHMN, YTOBbI 0BecrednTb JocTatodHbin  » Pipe/Soil interaction;
3anac NMpPO4YHOCTM — OT PaCHETHbIX Harpy30K 40 » Expansion/Span Analysis;
paspyLleHrs. OCHOBHas Lienb — U3Y4nTh MpenessHbIe » |ce Scour/Pipe/Soil interaction.
COCTOSIHNS, NPW STOM MOAETTE Ha OCHOBE METOAA These tools allow the simulation of the pipeline response
KOHEHHDBIX SNIBMEHTOB MNO3IBOIACT MOy MTH NCXOAHBIE and the prediction of possible buckles in the pipelines, as
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B TPYBOMNPOBO[

JaHHble 0 peakuUum TpyOonpoBoaa 418 BCex NpeaesibHbIX
COCTOSAHWN.

YCOBEPILUEHCTBOBAHHbIE CPE[ICTBA PACYETA

W NPOEKTUPOBAHUA TPYBONPOBO0B

MpVMeHeHe YCOBEPLLIEHCTBOBAHHbIX CPEACTB aHam3a
SABMIETCS 3aU10rOM ycriexa Npy MPOEKTUPOBAHNM CIIOMHbIX
TPY6OMPOBOAHBIX CUCTEM. Takvie CPeACTBa NO3BONAOT
BbINOJHATE MN0BaTbHOE MOAENMPOBaHKE TPYOONPOBOAOE,
JIOKasTbHOE MOZEMPOBaHME 3IEMEHTOB NOABOIAHbBIX CUCTEM
N MKPOMOAENMPOBaHNE CBaPHbIX LLIBOB TRYBOMPOBOaA.
MpyMepbl 3TUX TUMOB MOAESMPOBAHNS METOAOM KOHEHHBIX
3IEMEHTOB MPVIBELEHbI B CIEYHOLLVIX pasaesnax.

1. lNo6anbHOEe mogenuposaHue

CyLLEeCTBYET LUMPOKUA CREKTP MaTEHTOBAHHbIX
YCOBEPLLEHCTBOBaHHbIX CPEACTB aHaM3a METOLOM
KOHEYHbBIX 3/TEMEHTOB, MO3BONSIOLLMX TOHHO
MPOrHO3MPOBATb PeakLym TPy6onpoBoaa, 06 beANHEHHbIX
B Mporpammy Simulator, paboTatoLyto Ha base
nporpaMmmHoro obecnederna ABAQUS [2]. B mogensx
MPOV3BOANTCSA MOLEMMPOBAHNE MMOKO-MNACTUHHBIX
MaTepunanoB, TREXMEPHOE MOLENMPOBAHNE TPAaCcChl,
MOZEMPOBaHNE MMKOBbLIX 1 OCTATOYHbIX BO3LENCTBUN
rpyHTa Ha TpyOy BOOSb €€ OCY 1 B MONEPEHHOM
HanpaBneHun. PaspaboTtaHbl Mogenm «Tpyba B Tpybe»
1 MOJENV 4S5 OANHOYHOM TPy6bl. Kadkaas Moaesnb
MOJTHOCTBIO MPOBEPSAETCS U OLeHMBaeTCA. MHorme 13
HUX COMOCTaBIANMCL C HabMIO4aEMbIM NOBEAEHNEM
TpybonpoBoaa.

AHanmM3 ¢ NOMOLLIbIO MporpaMMbl Simulator mpeacTaBnseT
COoB0M CTaTUHECKMI aHaNM3 OTKITOHEHWIA BOSIbLLION
aMNNTYbl, OXBaTbIBAOLLIIA BCE COOTBETCTBYHOLLME
HEMHENHbIE CLIEHapWN: CMELLIEHWS 1 KDY TUSTbHbIE
nedopmMaumm 60MbLLION aMAANTYApbl, UHTEPNOIALMNS
noBefeHVs MOKO-NAaCTUYHbIX MaTepUanos B
COOTBETCTBYHIOLLIX Avana3oHax TemnepaTypsbl,
HenMMHelHble B3aMOAENCTBMA MPYHT-Tpy6a.

PaspaboTaHbl CPeacTBa AJ1st BbINONHEHWS
ClefytoLLIMX PacHeToB:

» CMSATUE B BEPTUKASTBHOM NIOCKOCTY;

» CMSATME B FOPUSOHTASIBHOM MIIOCKOCTY;

» peakumn 0gHON TPYObl U CUCTEMBI «TpyDa B TRyOe»;

» pacyeT yKnagkm ¢ bapabaHa;

» B3aUMOAENCTBMA MPYHT-TPY63;

» pacHeT pacLUMPEHKS U MPOBUCAKOLLMX YHACTKOB;

» NefoBOe BblNaxvBaHWe 1 B3aMMOLENCTBUA MpyHT-Tpy6a.

YNOMsHYTble CpeacTBa AatoT BOSMOXKHOCTb
MOZENMPOBaHNS peakLi Tpybonposoaa C
NPOrHO3MPOBaHMEM BO3MOXXHbIX Y4aCTKOB CMSATUS,
Kak nokasaHo Ha Puvic. 1. 9To 0COBeHHO BaXKHO A1
TPYy6ONPOBOAOB, PaboTatoLLNX B YCIOBUSIX BbICOKMX
Temneparyp.

[MpumeHeHne nporpammbl Simulator Ha aTane
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shown in Figure 1. This is particularly important for high
temperature pipelines.

Puc. 1 : MogennpoBaHue nsruba tpybonposona B
FOPWU30HTaSIBHON MSIOCKOCTU

Fig. 1 : Simulation of Pipeline Lateral Buckling

The use of ‘Simulator’ during the design stage allows
Limit State Based Designs, and allows the following to
be undertaken;

» Change and optimize the design;

» Undertake a range of sensitivities;

» Simulate Pipeline response, displacements & expansion;
» Obtain forces, moments and stress/strain.

The design can be iterated and, through the adoption
of limit states, the design can be optimized resulting in
possibly significant financial savings.

Detailed Description of ‘Simulator’

The model runs using ABAQUS [Ref.2] and is designed to
analyse the initial, prior to the moment of instability, and
post lateral buckling behaviour, and expansion behaviour
of straight, single pipe-in-pipe system flowline lying on a flat
seabed. This model is applicable for shallow or deepwater
condition and/or a HTHP PIP system. The modules can
perform parametric studies if required, by simply changing
the input parameters of the input script code.

Upon completion of a single analysis, the following
results can be presented:

» Submerged Weight;

» DNV Load Controlled Ultilization (if required);
» Axial, Lateral Movement;

» Effective Axial Force;

» Axial and Hoop Stress;

» Von Mises Stress;

» Bending Moment;

» Plastic Strain, Buckling Curvature.

The FE elements used are PIPE31H, which are the hybrid
formulation pipe elements within ABAQUS/Standard.

www.rogtecmagazine.com
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2
MPOEKTVPOBAHIA MOSBONAET BLINONHATL PaCcHeTb! Touxa A- Poini A
METOLO0M MPeaesbHbLIX COCTOAHUI U peLLaTh 18 N —— Bepxnwii npeaen Upper Bound
cregyroLlne 3agadn: 16 / \ --#-- CpepnHee 3HaveHne Mean Value
|} o= -
» UBMEHEHVEe 1N ONTUMU3ALS MPOEKTa; 14 ¢ Huxhwi npenen Lower Bound

» pacHeT OManas3oHOB YyBCTBUTENBHOCTU;
» MOJENMPOBaHVE PeaKLnii, CMELLEHWIA 1 PaCLLMPEHWIA

KoadhdpuumeHT TpeHusa - Friction Factor

7 S
Tpybonposoaa; 08 // ettt
o 3 Touka B - Point B
» PacHeT CUJ1, MOMEHTOB I COOTHOLLIEHWIA HaMPsPKEHWE- 06 l,’
6 -
nedopmarys. 04 f/
. 1
MO>XHO BbIMOHATL MOBTOPHbIE LWKJTbl PACHETOB, a y4eT 0.2 /’r
MPELENbHBIX COCTOSHN MO3BOMAET OMTVMN3/POBATL MPOEKT, o . . . . . . . . . .
YTO MOXET AaTb CYLLECTBEHHYHO SKOHOMUKO CPECTB. 0 1 2 3 4 5 6 7 8 9 10

CwmeLueHue B ropu3oHTanibHOWU NyIOCKOCTU, AOWMbI
Lateral Movement, in

NMoapo6Hoe onvcanue nporpamMmbl Simulator
Mogenb paboTaeT Ha 6ase 10 ABAQUS [2]. OHa Puc. 2 : MpviMep NpYH1MAEMO MOZENM TPEHUS
npegHasHa4eHa ona pacyeTta noeegeHnst Toyobl Ha
HadanbHOWM hase cMATKS, hade Nocne CMATUSA B
FOPU3OHTAITBHOM NIOCKOCTY, & TaKkKe MapaMmeTpoB
PacLLMPEHNS OOMHOYHOMO MPSIMOrO MPOMBICIIOBOrO
TpybonpoBoaa T1na «Tpyba B Tpyde», Nexkallero Ha
POBHOM JHe. Mogenb MpUMEHNMa K METKOBOOHbBIM 1
rNy6OKOBOAHBIM YCNOBUSIM, @ TaKXKe K CUCTEME «Tpyba

B Tpybe» paboTaroLLel B YCIOBMSAX BbICOKOMO AaBMEHNS
1 Temnepatypsbl. [py HEOEXOOAMMOCT MOLYIN MOTYT
BbINOSHATL MapaMeTPUHECKNE PacHeTbl — ON1A 3TOro
LOCTaTO4HO V3MEHUTL MapamMeTPbl B MPOrPaMMHOM KOLE
MNCXOOHOrO CKpuMTa.

IO BBINONHEHWUM OOHOIO pacHeTa BblLAIOTCA Cleayowme

Fig. 2 : An Example of a Friction Model Adopted

These elements are selected, as they are particularly well
suited to modeling long, slender pipelines with better
convergence behaviour than the standard pipe elements.
The friction between the pipeline and the seabed is one
of the factors affecting the buckling performance.

A friction model, that uses an ABAQUS user subroutine
has been developed, and enables non-linear axial and
lateral friction to be defined, as shown in Figure 2.

The form of the friction-slip subroutine is similar in both axial
and lateral directions. Starting at the origin O, the friction

pesynerarel value starts to increase until a peak is reached at point A.
» Macca B NOrpy’>KeHHOM COCTOAHIN, Further slip is undertaken with decreasing friction values
» TPVIMEHeHVe perynmpyemMoit Harpyskit cornacHo DNV until a residual value of friction is reached at point B.
(ecnn TpebyeTcs);
» CMELLHIIA MO OCK 1 B TOPNSOHTANIBHOM MIOCKOCTVA, The seabed friction dominates the boundary conditions
» 9(PEKTUBHbIE CUITbl, ABVCTBYIOLLME BAOL OCH; to the pipeline. However, connectors aligned with the
» HaNPsKEeHrA No 0CK 1 MO OKPYXHOCTV pipeline at either end of the pipe are specified to simulate
» Harpysku "'OVMV'C”GCW weak springs to remove any potential singularities before
» M3TVGIOLLNA MOMEHT; friction begins to act.

O5P5c
JlabopaTopna KanubpoBKKN PacXoAOMEpoB

Brinyckaemas komnaHment SPSE crcTema kanmbpoBKM pacxofoMepoB npeaHadHadeHa

01151 KaNMOPOBKM JIIOOBIX TUMOB PaCXOAOMEPOB Ha OCHOBE VI3MEPEHNA PacX0aa MUOKMX
yrNeBofopoaoBs B AnanasoHe ot 150 oo 4000 m%. [ns aToro komnaHns SPSE renonbayet
pazINyHbIe BUIbI KUOKVX Y NeBOAOPOAOB C BASKOCTHIO 0T 0,5 A0 130 MM2/c B CTaHAARTHOM
BapuaHTe. MoryT paccMaTpmBaTbCs 1 ApYrvie BO3MOXHOCTY (MOBbILIEHME BASKOCTY 10

500 MM2/c MO COrNacoBaHuo).

CraHfapTHble AuameTpbl OT 6 40 24 AtoimoB
(HOMWHanbHblEe AnameTpbl B MeTpuyeckux eauHunuax ot DN 150 go DN 600).

MpyBepHbIi KOHTYP 06bEMOM 15 M3 1CMoNb3yeTCa AN KanmbpOBKY MPK PACXOAe
10 3000 M%. KOHTPOJIbHbBIE PACXOAOMEDLI MPUMEHSIOTCS A1 KanMbpOBKIA Mpw
pacxoge 1o 4000 M%.

AxkpeauTaums Kommtetom ®paHumn no Bonpocam akkpeavTaum (COFRAC) rapaHTpyeT
COOTBETCTBME PEIYNLTATOB MOCYAAPCTBEHHBIM CTaHAapTam 1 y4eT hakTopoB
HeonpeaeneHHOCT NabopaTopHbIX naMepernn. KommuteT OpaHupmmn no Bonpocam
aKkKpeaMTaUym 3aKko4na MHOrOCTOPOHHME COrNallenus ¢

METPOMOMMHECKV M BEAOMCTBAaMM PasHbIX CTPaH M1pa.
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» nnacTudeckas gedopmMaLms, KpUBU3Ha CMSATUS.

[MpUMeEHSAIOTCHA KOHEYHble anemeHTbl PIPES1H,
ABNSOLLMECH TMOPUOHBIMU TRYOHBIMU SIEMEHTaMN B
nporpamve ABAQUS/Standard. [JaHHble anemMeHTb!
BbIOVPAOTCA MO TOM MPUHMHE, YTO OHM OCOBEHHO
XOPOLLIO MOAXOOaT A5 MOAENMPOBaHNS AIMHHBIX TOHKIAX
TPYOONPOBOAOB 1 0OHAPY>KMBAKOT JTyHLLYHO CXOAUMOCTb
napamMeTpOB, YeM CTaHOAPTHbIE TRYOHbIE SNIEMEHTDI.
OpH1M 13 HakTOPOB, BAMSIKOLLMX HA XapaKTep CMATUS,
ABNSETCHA TPEHME MeXy TRYOONPOBOAOM M AHOM MOPSI.
PaspaboTaHa MOAenb TPeHWs, B KOTOPOW MPUMEHSIETCSH
nognporpammMa ABAQUS, noseosistoLlas paccHitaTb
HENVHEMHbIE CUITbI TPEHMSA MO OCK U B MOMEPEHHOM
HanpaBeHnK, Kak mokasaHo Ha Puc. 2.

®opMbl MOANPOrpamMM, NCMONb3YOLNXCSA 1S pacyeTa
3aBUCKMMOCTU «TPEHMEe-COoCKanb3biBaHNe» BAOMb OCK

1 B MONepPeYHOM HanpasnieHnn, aHanornyHbl. OT
Hadana koopanHat (O) Benm4ynHa TpeHnst Bo3pacTaeT,
roka He AOCTUIHET NvKa B To4ke A. 3aTeM npoucxoamuT
COCKasb3blBaHNE C YMEHbLLIEHNEM BeNNYNHbI TREHVS,
roka B To4ke B He JocTuraeTcst octaToqHass

BEN4MHa TPEHNS,

MpaHn4Hble YCroBua TpybonpoBoaa OnpeaensioTcs
rnaBHbIM 06Pa30M TPEHEM MexXXy TRYyOOoMpPOBOAOM
1 gHoM. B TO >ke Bpems coeanHeHns TpybonpoBoaa
Ha 060X KOHLAX TPYObl OMPefenstoTcs B Moaesu
Kak criabble Mpy>KWHbI, C TeM, YTOBbl yCTpaHWTb BCe
BO3MOXKHbIE JOMONHUTENbHbIE (hakTopbl A0
MPOSIBNEHVS TREHVSA.

["nobansHoe MoaenMpoBaHve TPYOoNpPOBOAOB
BbINOJIHANOCH B PaMKax psida MPOEKTOB, a Takxe
CMONBb30BaSIOCh A5 BbINOMHEHWS PabO4MX PaCHETOB.

K Takim pacHeTam OTHOCUTCS «fToKanm3aums
HanpspKeHWin» [9] N pacHeT SNeEMEHTOB pacrnpeneneHms
Harpy3ok [11]. HekoTopble NpuMepbl rnobanbHbIX MOAenen
npeacTaBeHbl B CneayroLVvx pa3aenax.

Mpumep rno6anuHO Moaenu: oTxoa Tpy6onposoaa

[nsa pacyeTta TpagyumMOHHOM PeaKLM PacLUNPEHNS
KOPOTKOIro npoMbICNIOBOIro pr6OI'IpOBO,D,a NPEVHMMaEeTCA
OfHa 3aKpenneHHas To4ka y cepedmHbl TpybonpoBoaa

C pacwmpeHmnem ot 3TOW TOYKM K ero KOHLIaM. [Tocne
MyCKa 1 OCTaHOBa Ha Ha4aJIbHOM 3Tare UMKnn4eckoe
pacLumpeHne MMeET NOCTOAHHYIO aMnnnTyay.

OTXO,EI, pr6OI'IpOBO,D,a MOXXET BO3HVMKATb Ha KOPOTKNX
MPOMbICNOBbLIX pr6OI'IpOBO,EI,aX C He3aKpervieHHbIM
KOHUOM B peaysibTarte MHTEHCMBHbIX LIMKITNMHYECKNX
TEPMNHECKNX Harpy30K. Ecnn LIVKJbI NyCKa 1 OCTaHOBa
BbI3bIBAOT 3HA4YUTENbHbIE Nepernanbl TeMneparypbl, MOXET
BO3HVKHYTb MPEPLIBMCTOE ABMKEHME TPYOONPOBOAA CO
cMeLlleHneM B CTOPOHY bonee XONoOHOro KoHua. L'16[)63
onpegeneHHoe YMCno LUMKINOB Takoe OBVXXEHNE MOXXET
NnpMBECTN K O4eHb 3HAYUTENBHOW OCEBON ,D.ed)OpMaLl.l/Il/I n
BbI3BaTb NMeperpy3ky KOMMEHCUPYIOLLEN TPYOHOM CexLmn
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The global modeling of pipelines has been used on

a number of Projects, and also used for undertaking
detailed studies. Such studies include an investigation
into ‘Strain Localisation’ [Ref. 9] and the analysis of
‘Loadshare’ components [Ref. 11]. Some global model
examples are presented in the following sections.

Global Model Example: Pipeline Walking

The conventional expansion response of a short flowline
involves a virtual anchor point close to the centre of the
line and expansion from this anchor towards the ends
of the flowline. After early start-up/shut-down, the cyclic
expansion is of constant amplitude.

Flowline walking can occur for short free-ended flowlines
subject to a high thermal cyclic loading. If startup/
shut-down cycles involve significant thermal gradients
then axial ratcheting of the flowline can occur, with
displacements toward the cold end. Over a number of
cycles this movement can lead to very large global axial
displacement with associated overload of the spool piece
or jumper if any. This cumulative axial displacement is
described as ‘Pipeline Walking'.

160
160
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R W
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Puc. 3 : HecTaumoHapHble TeMNepaTypHbIE PEXUMBI

Fig. 3 : Thermal Transients

The key to this phenomenon is the transient thermal
profile developed during heat-up, as shown in Figure 3.

In high pressure flowlines the internal pressure is almost
enough to mobilize the friction force over the whole
flowline. For this reason the pressure in the analysis is
kept constant.

A typical pipeline walking response, for a number of
start-up and shut-down cycles, is shown in Figure 4.
The result of pipeline walking is that the flowline can
ratchet across the seabed, and hence overstress any
connecting jumper, or structure, at the end of the
flowline. The FE analysis tool allows the adequate
simulation and prediction of this phenomenon so that
design remediations can take place. The modeling of
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WM NMEPEXOOHNKA, CN OHW NPEeayCMOTPEHbI. Takas Hanpasnisiowuas

KYMYNATUBHASA oceBas fedopMaLma HasblBasTcs Hener MocTku

«QTX0f, TRY6ONpPOoBOaa». BormpsnsIoLEe Bapatar
YCTPOWCTBO Reel

KIHoH4OM K MOHUMAHMIO 3TOTO ABMEHVS ABNAETCS Straightener

HeCTaLMOHaPHbIN TeMMePAaTYPHbIN PEXIM MPK MPorpeBe, y;?)?;g‘:gg

Kak nokasaHo Ha Puc. 3. Tensioner

B npombIcioBbIx TRYGOMPOBOAaX BbICOKOTO AaB/eH!s
BHYTPEHHEE AaB/eHVie CTaHOBUTCSA NOYTY AOCTATOHbIM
A9 TOrO, 4TOObl KOMMEHCMPOBATH CUJTbl TPEHIS MO BCEM
A/He TpyGonpoBoaa. B CBA3K ¢ 3TM AaBneHvie npu
pacHeTe NPMHIMaETCA NOCTOAHHBIM. Puc. 5 : OCHOBHble a/1IEMeHTbI MPOLIECCa yKITaaKm
¢ 6apabaHa

TunndHas peakunA ¢ OTXoO0M pr6OI'IpOBO,EI.a B Te4eHne
pada UMKNOB MyCKa 1 OCTaHOBa rnokasaHa Ha Puc. 4.

Fig. 5 : Key Components of the Reeling Process

this pipeline walking effect would not be easily possible

PesynbTaToM 0TX0a NMpOoMbICIIOBOro TpybonpoBoaa without such FE models.

60

50....|OT D6 10 D7 - From D6 to D7 _ Global Model Example:
] Or D7 0 D6 - From D7 to D6 an N / Integrated Reeling and Lateral Buckling Response
s 240 4 V The reeling installation process of PIP systems, see
E%sc ~ f\ / \v/ Figure 5, produces residual loading in both the inner and
Y 5 /\ /\ / / V outer pipes which need to be taken into account in any
§—§Z° /‘\ / V \/ \ \J subsequent lateral buckling analysis. The residual loads
gg 10 \/ could have a subsequent effect on the ultimate limit
& g . n \ state capacity of the inner pipe, when temperature and
8 \ \J —_ D5 pressure is applied, during the operational phase.
© 0 — D7 ] A recent model has been developed that is a

20 . . . . . . . . sequential integrated reeling and lateral buckling PIP

0 1 2 3 4 5 6 7 8 9 10 FEA, which captures the full reeling history, and is then
Lukne! paGoveii Temneparype! - Operating Temperature Cycle included in the operational analysis for lateral buckling

[Ref. 3]. Figure 6 shows a typical PIP

reeling response.

Puc. 4 : Linknndeckuin oTxof TpybonpoBoaa
Fig. 4 : Pipeline Walking Displacement Rachetting

[T) TECPESA

KomnaHunsa TECPESA - Beayliee ncrnaHckoe npeanpusaTve, npefoctaBnsiowee ycnyru
no Bpe3ke B paboTatolume HedTe- U ra3onpoBOAbl U YCTAHOBKE Ha HUX 3arayLlek C
06BOAHBIMWN NUHUAMMK, KOTOpoe B 2008 r. cTano TpeTben MexayHapoaHOM KoMnaHuemn
B IaHHOM obnactu.

/IBa OCHOBHbIX HarpasieHNs AeATe/IbHOCTU KOMMaHUn:

MpenocTaBneHve ycnyr no Bpeske B paboTatowme Tpy6onpoBoab! U yCiyr no
YyCTaHOBKe 3arfyluek ¢ 06BOAHbIMU MHUSAMK 6€3 0CTaHOBKM TPpy6oMNpoBOAOB Ha
TPaHCMOPTHBIX WM pacnpeAenuTesbHbIX ras3o- U HedTenposoaax. Mbl Ucrosb3yeM ocobble
TEXHOOMMU ANS MOACOEAMHEHUS, PEMOHTA UM 3aMeHbl TPy6OoNpoBoAOB 6€3 MX OCTaHOBKMU.

M3rotoBneHne GUTUHIOB MO MHANBUAYASIbHBIM MPOEKTaM: U3roToBEHWE DUTUHIOB
ons BPE3KU B PABOTAIOLME TPYBOMPOBOAbI 1 Ans yCTaHOBKM 3arnyLuek
06BOAHBIMM NTMHMAMM (BKItOYAst TPOMHUKM, WapoobpasHble TPOMHUKMN, BblMyCKHbIe TPY6bl
C TMnopa3smepamm ot 2 1o 56 aroimos, knaccel 150 - 900), y3noB 3anycka 1 npueMa
CKpebKOoB, a TakxXe KOMMIeKTyLWmxX ageTanen (cneunanbHbiX TPy6ope3oB CO CbeMHbIMU
3ybbsAMKN, AepxaTener Tpybope3os, AepxxaTenel 3arnyLek, NnepexofHMKoB, KOprnycos,
YNAOTHALWMNX 3/1IEMEHTOB, UHANKATOPOB MPOXOXAEHNS CKPebKoB U T. 4.).

ArperaTbl AN BPE3KWU U YCTaHOBKW 3arnyLuek ¢ 06BOAHbIMU TNHUAMKN 63 0CTaHOBKKN
Tpy60onpoBOAOB: 060pyAOBaHUE ANs pasfnyHbIX TMMOPa3MepOB - OT 2 A0 48 AlViMOB,
knaccel 150 - 600. Bcsi npoaykums u obopyaoBaHve, npeanaraemMble Hallel KoMnaHuen,
MOJSIHOCTbIO COBMECTUMbI C usaenmamu komnanmn TD Williamson n IPSCO.

TECPESA S.A. - C/ Balmes 129 Bis 1210 - 08008 Barcelona (SPAIN) Ten.: +34 93 451 07 60 ®akc: +34 93 451 07 93 info@tecpesa.com www.tecpesa.com
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SABNSETCH €ro UWKIMHYECKOE CMELLIEHME MO MOPCKOMY
[OHY C NPeBbILLEeHeM O0MyCTUMbIX Harpy30K Ha
COeANHNTESbHYIO MEePEMbIHKY UM KOHCTPYKLMIO Y KOHLIA
TpybonpoBoaa. AHaNIM3 METOAOM KOHEYHbIX 3IEMEHTOB
[aeT BOBMOXXHOCTb aieKBaTHO CMOAENNPOBAaTL U
CMPOrHO3NPOBaTh 3TO SIBNEHNE, YTOObI NMPEeayCMOTPETb
COOTBETCTBYIOLLIME PELLEHNSI 4151 er0 NpeaoTBPaLLEHYS.
MopenvpoBaHve addexTa oTxona Tpybonposoaa 6e3
NpUBEYeHNss METOAAa KOHEYHbIX 3N1EMEHTOB SBNSAETCA
ropaano 6onee TPyAHOW 3adaqein.

Mpumep rno6anbHoi! MOeNN: KOMMIEKCHbIA pacyer
peaxuwit npu yxknazaxe ¢ 6apabana n cmaTua B
ropU30HTAsbHOI NJIOCKOCTY

Mpouecc yknagkun cuctem «Tpyba B Tpybe» ¢ bapabdbaHa
(cm. Puc. 5) npuBoanT K 06pa3oBaHmio BO BHELLHEN 1
BHYTPEHHEN TpyDax OCTaTO4HbIX HArpy30K, KOTOpbIE
cnenyeT y4uTbiBaTb MpW BCEX MOCNeOyHOLLMX pacHeTax
CMSITUS! B FOPUBOHTa/IbHOM NockocTu. OCTaTouHble
Harpy3ky MOryT UMETb JanbHENLLINIA SO dPEKT Ha
WNTOrOBYIO MPOYHOCTb BHYTPEHHEN TPYObl B MPeAeNbHOM
COCTOSIHWW, NOA, BO3OENCTBMEM pabo4en TemnepaTtypbl U
OaBfeHVisl, Ha aTane aKcnyaTauum.

HenasHo pagdpaboTtaHa Moaernb 419 OCYLLECTBAEHNS
MOCNeAOBaTENBHOMO pacHeTa yKnaakn ¢ 6apabaHa 1

CMSTVIS B FOPU3OHTAITBHOM MAOCKOCTU CUCTEM «Tpyba B
Tpybe» METOAOM KOHEYHBIX SMIEMEHTOB, C PervcTpaLmen
BCEro npouecca ykaak/ ¢ 6apabaHa, a 3aTeM y4eTOM STUX
JaHHbIX B pacyeTax Ha CMSITE B FOPU3OHTASIBHOM MIIOCKOCTU
npw skcnnyartauyum [3]. Ha Pric. 6 nokasaHa Tvnosas peakLums
cucTeMbl «Tpyba B Tpybe» Mpu ykaake ¢ 6apabaHa.

[NonHBIM aHaNM3 MpoLuecca yKnaakn ¢ bapabaHa sBnseTca
0OCOBEHHO TRYAHOM 3afayen 13-3a NpPobsieM CXOXKAEHWS,
OAHaKO AaHHble MPOBNeMbl BbIIN y4TeHbI. PedynbTarh,
MOJy4eHHbIE C MOMOLLIBKO AaHHOW MOAENN, MOKa3bIBatoT,
YTO MPW pacyeTe BbICOKOTEMMEPATYPHbLIX TPYOONMPOBOAOB
OOMKHDBI Y4UTbIBATLCS adDeKTbl MpoLEecca yKNaaku ¢
BapabaHa, MOCKOSBKY OH MOMYT CHDKaTb OOLLYIO UTOMOBYHO
YCTOM4MBOCTb K Harpy3kam. Tunosast peakums Ha CMATVE B
FOPV30HTaTLHOW MAIOCKOCTU MokasaHa Ha Puic. 7.

Mpumep rno6anbHoi Moenu: OLeHKa NPOBUCAIOLLMX
yyacTKoB Tpy6onpoBoAa, BUGPALMI Bbi3BaHHbIX BUXPEBLIMU
NoTOKaMu, pacyeT HeCKOJNIbKWUX NPOBUGAIOLYUX YYACTKOB
PaspaboTaHo CpeacTBO ANA MOASMPOBaHMS MPOBNCAOLLIMX
YHACTKOB TPYOOMNPOBOAa METOAOM KOHEUHbIX 9NTEMEHTOB
COrnacHo TpeboBaHNsM NOCAEAHEN peaakLm

HopmaTtvea DNV-RP-F105, 2006 [4], npuH1MmatoLLiEee BO
BHYMaHME CNOXHbIA CLIEHAPWUIA B3aMOAENCTBYHOLLINX
MPOBMCAIOLLIMX YHACTKOB. BbINOMHAETCS Ha4abHas
OLIEHKA MPOBMCAKOLLIMX YHACTKOB MO AaHHBbIM U3bICKaHWM,
3a KOTOPOW CNenytoT CTaTU4eECKNE Y ANHAMUHECKIME
pacyeTbl METOAOM MPeaenbHbIX COCTOSHWUI. [locne

3TOro BbINOSHASTCSH KOHTPOJbHbIM pacyeT BUOpaLniA,
BbI3BaHHbIX BMXPEBbLIMM MOTOKaMM. Ha OCHOBe pacyeTa
TaKnx BUOpaLVn OnpenenseTcs MakcUMaribHas 4ornycTMas
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Puc. 6 : Peakuysa cuctembl «Tpyba B Tpybe» npu
yKnagke ¢ bapabaHa

Fig. 6 : PIP Reeling Response

A full reeling analysis is particularly complex to undertake,
due to convergence issues, but these issues have been
addressed. Using this reeling module, results show that
the effects of reeling should be taken into account for
high temperature pipelines as it can reduce the ultimate
loading capacity. A typical lateral buckling response is
shown in Figure 7.
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Fig. 7 : Pipeline Displacement under Lateral Buckle

Global Model Example: Assessing Free Spans / Vortex
Induced Vibrations (VIV) / Multi-Span Analysis

A FE model has been developed to undertake span analysis,
in accordance with the latest version of DNV-RP-F105, 2006
[Ref. 4], which takes into account the complicated scenario
of interacting spans. An initial assessment of the spans

from the survey data is performed, followed by static and
dynamic Ultimate Limit State (ULS) checks. A Vortex Induced
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O/VHa MPOBUCAIOLLMX YHACTKOB C Y4ETOM MOTOKOB,
BbI3bIBAEMbIX TEHEHNAMU 1 BOSTHEHUEM, HaMpPaBIEHHbIX
BLOJSb 1 Nonepek TpyObl. HakoHew, BbINOMHAETCS
pacHeT YCTaNIOCTHbIX HAMPSXKEHWUIN Ha MPOBUCAIOLLMX
y4yacTkax, NPeBbILLAIOLLMX OOMYCTMble Npeaernsb
O7VHBL. B pacyeTax NpUMeHSAeTCA MOAENb KOHEYHbIX
S/1EMEHTOB C LeNbIO ONPeAeNneHnst HacTOT COBCTBEHHbIX
konebaHuin, eANHNYHBIX Harpy30K 1 hopMbl KoNebaHni.
Ha Puc. 8 nokasaHa TunoBas hopmMa KosiebaHui
BMOpAaLMI, BbI3BaHHbIX BUXPEBLIMU MOTOKAMMU,
HanpaBneHHbIMK BOOb TPYObI. Pe3ynbTaThl pac4eTos
00T 3 (PEKTUBHBIE PELLEHUS 15 CMAMYEHNS TaknX
BO3LENCTBUIN KaK Ha CyLLEeCTBYIOLME TPybOonpoBOdbl,
Tak 1 Npy MPOEKTUPOBaHNM HOBbIX TPYOOMPOBOAOB.

[PoK KOHTPOSBHBIX PacHeTax BBOAATCS Ha4asbHbIA
KOHTPOSIBHBIN KPUTEPUIA 1 KOHTPOSTbHBIA KpUTEPUIA
YCTa/IOCTHbIX HAMPSXKEHWIA B COOTBETCTBUM C JAENCTBYHOLLIMM
HOpMaTVBHbIMM TPEOOBaHMAMIM COMIACHO KpUTEPKSM
npremkm no Hopmatvey DNV-RP-F105, 2006 [4].

[Ny pacHeTe YCTaNIOCTHbIX HAMPSKEHIA YCTaIoOCTHasA
[O0STOBEHHOCTb OMPELENAETCH Ha OCHOBE MOLENEN peakLmii

W CAM, Kak MPEAYCMOTPEHO HOpMaTVBOM. PaspaboTaHa
PEKOMEHLIOBaHHaS METOAVIKA [5], COCTOALLAA 113 MAT OCHOBHbIX
SMIEMEHTOB: OLIEHKA OaHHbIX MO OOBEKTY, MPOBEPKa METOAOM
NpeLenbHbIX HAMPSXEHWIA, KOHTPOSbHbIA PacHET, pacqeT
YCTaIOCTHBIX HAMPSXKEHWIA 1 MOLAENMPOBaHNE METOLOM
KOHEYHbIX 3M1EMEHTOB. [laHHasd METOOVKA Y>Ke MPUMEHAACh
NpwY peannsaLyin NMPOEKTOB MO Pa3INHHbIM CLIEHAPUSM 1
no3BosnIa caenarb CleayroLLMe OCHOBHbIE BbIBOAbI:

» NpuHaTVe HopmMaTtea DNV RP-F105, 2006 [4] B kadecTse
OCHOBHbIX MPUHLIMMOB MPOEKTUPOBaHVA 1 MPUMEHEHWE
COOTBETCTBYHOLLIErO MPOrpaMMHOI0 0becrneqeHus o1
pacHeTa YCTaNOCTHbIX HaMPSPKEHWIA SBNSETCH OCHOBOW
OLIEHKN MPOYHOCTU 1 YCTAJIOCTHOW AOSITOBEHHOCT
TPYOOMPOBOAOB C MPOBUCAIOLLIMU YHaCTKaMK;
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Vibration (VIV) screening analysis is then conducted to
determine maximum allowable span length limits for
in-line and cross-flow directions under both current and
wave conditions. Finally, a fatigue analysis is performed
on the spans that exceed the allowable span length
limits. A Finite Element Analysis (FEA) model is used in the
analysis to determine natural frequencies, unit stresses
and mode shapes. Figure 8 shows a typical mode shape
for interacting in-line VIV. The results of the analyses
provide efficient solutions to the field in terms of mitigation
management for existing pipeline or new pipeline design.

In the screening analysis, the onset screening criterion and
fatigue screening criterion are used to applicable code
requirements regarding acceptance criteria from DNV-RP-
F105, 2006 [Ref. 4]. In the fatigue analysis, the fatigue life
is determined using equations for both response and force
models as defined in the Code. A proposed methodology
[Ref. 5], that has been developed, includes the following
key areas: assessment of the field data, ULS check,
screening analysis, fatigue analysis, and FEA modeling.
The methodology has been used on real projects in
various scenarios, yielding the following main conclusions:

» The adoption of DNV RP-F105, 2006 [Ref. 4] as a
design principle and appropriate fatigue calculation
software as an analysis tool is the evaluation basis of the
strength and the fatigue life of free span pipelines.

» Advanced numerical FE tools can adequately simulate
the span of pipelines in static and dynamic phases. With
these tools, accurate results of natural frequency, unit
stress, and mode shapes can be computed.

» Through the appropriate methodology, the fatigue life of
complex free span pipelines can be accurately evaluated
and a confident decision can be made regarding any
repair services that are required. It is believed that this
methodology could be used as a starting point for projects
with complicated interacting spans.

» YCOBEPLLEHCTBOBaHHbIE LIM(DPOBbIE CPEACTBA A1
aHamM3a METOIOM KOHEYHBIX 31EMEHTOB CMOCOOHbI
a[eKBaTHO MOy MPOBaTb MPOBMCAIOLLIME YHACTKM
TPYOOMPOBOAOB B CTATUHECKOM U AVHAMUHECKOM PEXUME.
[aHHble cpeacTsa No3BOMSOT BbIMOHWTE TOYHBIA pacHeT
4aCTOT COBCTBEHHBIX KONEOaHWN, EANHNYHBIX HArPY30K 1
dhopMbI kKonedaHui;

» MyTeM MPUMEHEHNSA COOTBETCTBYHOLLIX METOAMK MOXKHO
TOYHO OLEHNUTL YCTASIOCTHYIO AOSTOBEYHOCTD CIOMHBIX
TPYOOMPOBOAOR C MPOBUCAOLLMM YHACTKAMM U MPVHATD
0BOCHOBaHHOE PELLIEHME OTHOCUTENBHO TPEOYEMbIX
PEMOHTHbIX PaboT. CHMTAETCH, YTO PaCCMOTPEHHas
METOOVIKA MOXXET CIYy>KTb OTMPaBHOM TOYKOM MW
pa3paboTKe MPOEKTOB CO CIIOXKHBIMUN B3aUMOLEACTBYHOLLIIMM
MPOBUCAIOLLIIMI YHACTKaMW.
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