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Failure Modes

Fatigue Limit State Ultimate Limit State

.. accumulated damage from .. over-stress (local buckling) dueto:
stress cycles caused by:
v Static Bending (weight & current)
vVortex Induced Vibrations (DNV OS-F101)
(in-line & cross-flow) (RP-F105) YVIV & Wave L oads (RP-F105)
v Direct Wave L oads(RP-F105) v Pressure Effects (DNV OS-F101)
v Axial Force (DNV OS-F101)
v Trawl interference (GL 13)
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Historical Per spective - Acceptance Criteria

* Maximum allowable span length - no vibrations allowed
Implicitly assumes natural frequency f,, controlled by free span length.
Do not account for free span scenario, loading phenomenon or environment

 Fatigue Criteriafor In-line & Onset criteriafor Cross-flow

1994 True ULS accounting for stress amplitude and number of cycles (h=0.1)
Arbitrary models and SN-curves applied. Effect of waves?

Cross-flow VIV not alowed. OK for “short” spans and current conditions
Do not account for stress ranges and time to failure if exceeded.

« Fatigue Criteria for Cross-flow
1998 True ULS accounting for stress amplitude and number of cycles.
Other failure modes may be governing (in-line fatigue, over-stress)

1977

* Screening Criteria (on-set)
* Fatigue Criteria & Collapse Criteria (local buckling)
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Free Span Assessment - defining the problem
[ .

Substantial prevailing uncertainties:

v Environmental conditions
=> Flow conditions from combined wave and current
- Local topography
v Loading Mechanism
-> Vortex Induced Vibration (in-line & cross-flow)
-> Direct wave loads & Proximity Effects
v Response Analyses
-> Soil-pipeinteraction
- Non-linearities (geometrical, static/dynamic properties)
v Acceptance criteria
- SN-approach (weld, defects, ...)

| Obj ectiveto approach the problem from the conser vative side |
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DNV GL 14: Free Spanning Pipelines (1998)

VIV Models based on experience
from R& D projects & pipeline
design

v MULTISPAN Project (1994-1996)
- Response Modd for In-line VIV
- On-set criteriafor cross-low
-> Reliability based calibration

v GUDESP PROJECT (1989-1994)
-> Cross-flow Response model
- Effect of Waves

v Research projects

= SVSfull scaletest
= MASPUS lab test

v Allows for state-of-the-art fatigue
analyses

v Linksin-line VIV and wave loads

v Allows cross-flow vibration

+ Safety philasophy in compliance
with DNV'96

v Introduces consistent link between
analysis model and safety factor(s)

v Applied in numerous projectsin
= North Sea
w Persian Gulf

w South East Asia
= GOM

Do
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RP-F105 - why update

* Include experience feed-back from projects

* Includerecent R& D effort:
— Pipeintrench
— VIV response model updates
— Hydrodynamical coefficients
— Structural response estimates
— Soail dtiffness
— Force model (frequency domain)
— Recommended SN curves

* Makeit moreuser-friendly:
— screening (on-set) criterion
— make criteria and cal culation methods more complete
— restructure document

BANALING RISk
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Recent Developments- Pipein a Trench

» CFD runswith fixed and flexible 2D pipes
» Corrections to GL 14 on relative basis
* Verifications against available lab test

_ Trench factor
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Link to RP-C203 : Fatigue Strength

+ C-Mn sted SMYS <500 MPa |

* Crack growth at girth welds "'”

» Environment at crack initiation FATIGUE STRENGTH ANALYSIS
— |nair OFFSHORE STEEL STRUCTURES

2000

— Seawater w/cathodic protection
— Seawater (free corrosion)

» Stress concentration factors
due to misalignment accounted
for in some curves
* Membrane stresses not
extreme outer fibre stresses
=
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Recent Developments - Structural Response M odels

» Simple and good estimate of structural response

» Natural frequency, dynamic stress, static moment and
deflection

* Boundary coefficients based on FE-analyses
» Accounting for soil stiffness and axial force
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Calculation Tool

Free span assessment complex

Require detailed knowledge in severa disciplines:
— hydrodynamics, VIV and load models

— environmental conditions, long-term statistics
— fatigue calculations

— structural response incl. geotechnical aspects

Guidelines/RPs complex and difficult to use

Need for a calculation tool to:
— makeit easier to apply the RP
— enable a cost-efficient span assessment
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FarFree

FATIGUE ANALYEIE OF FREE SPANNING PIFELINER

b8

Cilshore Classification and Technical Services
[pdfresimidny.com
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LEVEL 1 SPANS | OPTIONS Program by:
LEVEL 25PANS | USERHELP FATFREE™  Ve.76 Kim Merk (KimMork@ccom
LeveL gspans | PRINTRESULTS 'FATIGUE ANAL YSES OF FREE SPANNING PIPELINES Olav Fyrileiv (Olav.Fyrildv@dv.g
] BasicVersion Expiry -, ReleaseNote: Offshore Classification & Technical
TRTIREE CONPLETED Troec EEPIPE T - Garmen Secior Toae 2000-02-08 |Caculations by Kim Mark
using 60 seastates |References: Verified by
i i Cuirrent Moddline FreaQnan Qenarin | RecnaneaNata | Namnina QNLCrirves Qafatv Eactor
Analysis Level 2 =] Uc Histogram ;I Pipe in trench lﬂ GL Span (sand) ‘1|' Sand - Medium F (air) j’ Safety Class NORI
1
- S o him) 54.9 | Toinfine) 0.709 Zanc 001 my 3 h 0.
GL 14, updated = Hs Histogram 2T ) Tafiow) | 0747 |Zer(nline)| 0015 i 5 & T
P i ] em) 030 [Sw-o(inline) 14528 | zai (C-flow)[ 0012 Log(Cy) 11855 g 1
A”‘E’;;‘;‘;TZ’:‘:? 2] Discrete - Wdi___2J™50 090  [Semafion] 15481 Zown 0000 | LoaCd | oot P T
| T e reaha Uppe 00 | lowIMpd | 15262 TogNsr 7.00 Y& 1
CALCULATE WaveZEEPIPE | D[m] 123 dD 0.06 Ks(in-ine) 072 S [MPg] 0.00
Current-ZEEPIPE | L/D 40 Sl B2 -0.21 K{cr-flow) 063 Eeod 1.00
EATIGUE L IFE o ir ecti in-line directi EXTREME CONDITIONS
| n-line (Response Model) 1.00E+06 yrs Peak Stress V. Mises Stress| Peak Stress V. Mises Stress| Current Waves
| n-line (For ce M odel) 433E+0L yrs su(Lyear) 0.0 2621 |su(Lyear) 765 2572 [Uc(l year) 043 Uglye) 1
| n-line (Combined) 4.33E+01 yrs Sy(10year) 0.0 262.1 |sy(10year) 95.0 268.2  |Uc(10 year) 058 U410 year) il
Cross-Flow 1.00E+06 yrs. S,(100year) 0.0 262.1 |s«(100year) 95.0 268.6 |Uc(100 year! 0.63 U100 year) i
Damage distribution vs H Damage distribution vs direction pdf for omnidirectional current mean value over direction and period
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STRUCTURAL MODELL ING
Static Stress[Mpd Transfer values Areas[m?] Functional Loads Pipe Dimensions[m] Congtants Densiti
s 251 El, L92E+09 A 735E0L | H. [N ] 645E+05 D, 1016 1 030 [ 784
Sy 74.4 m 353E+03 | Agw 75402 | plba] 130 [ 00242 a[CHl | 1176:05 |t oo 3]
Smer 87.9 q S597E+03 | Accsing 193E-02 | CT[CQ 0 [ 0.1 E[N/m] | 207E+11 T costing 13
Swin (100y) 45 St -318E+06 | Awngee | 354E-0L toceting 0.006 | Co(current) 1.00 ¥ oot 11
Ca 140 Ae L40E+00 ael 030 Fvte 10]
o Zeepipel & Il (NS/Statoil) e Sirri pipelines (PG/Total)
— Large number of free spans — Large number of free spans
observed during operation —  Spansexceeding max length
— Scouring, pipein trench during as-laid phase
— Avoidedrock — Higher current than expected
dumping/trenching — Necessary span corrections
+ Asgard Transport (NS/Statoil) — Avoid pipereplacement/repair
— Large number of free spans ¢ West Natuna pipelines
— Uneven, rocky sesbed (SEA/Connoco)
— Minimised intervention work — Afewfreespans
— Time schedulefor intervention — Hydrogen cracking in repair welds
¢ Ormen Lange (NS/N. Hydro) — Avoid pipereplacement/repair
— Large number of long spans — Probabilistic inspection
_  Uneven seabed optimisation of free spans
— Assessvery long spans m
— RP update?
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Concluding Remarks - RP-F105

» Recommended Practice based on experience from:
— MULTISPAN & GUDESP R&D project
— Recent R&D & design projects
Allows for state-of-the-art fatigue analyses:
— consistent model and safety factors
Covers potential failure modes of free spans due to:
— Fatigue
— Collapse (local buckling)
Safety philosophy in compliance with DNV-OS-F101
Provides cost-effective solutions
— Minimise seabed correction and span intervention costs
— Allow planning of such work (schedule)

— Assessment of observed free spans exceeding allowable length
MANAGING RISK 500

21

DNV Pipeline Committee meeting

2002-01-25



