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Fig.4 Distributions of walk per cycle and cumulative displacement of pipeline due to SCR tension
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Fig.5 Distributions of walk per cycle and cumulative displacement of pipeline on the sloping seabed
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Table 2 Statistical parameters of walk per cycle
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600 4.7 0.6 1.2 8.0 1.9 1.25 0.326 26.0 49.24
500 3.8 0.5 1.0 9.2 19 103 0.261 25.3 48.30
Nscr 400 4.2 0.4 0.8 180 24 082 0.220 27.0 49.50
(kN) 300 1.9 0.3 0.6 6.2 1.7 060 0.155 25.7 49.66
200 1.7 0.2 0.4 123 2.2 040 0.105 26.4 49.68
100 0.6 0.1 0.2 4.6 1.6 020 0.050 25.5 50.64
o 15 2.2 0.4 0.78 3.9 1.5 082 0.205 25.2 49.56
) 10 1.7 0.2 0.5 5.9 1.7 053 0.136 25.7 49.46
5 0.9 0.1 0.24 7.3 1.8 0.26 0.065 25.2 49.48




[ )% K 2:-2019

3 &g

(1) FIR 7 el 2 S 5K 70 AR I PR 75 5 LA T Al A0 2B A RO B AR SR BR 3R . 2% P8 il 17 A =

A BN, HES T SR T8 R AL S B K T A

(2) 5 p8AE - Frimm b ) BE VR AR BBV R, ST AR IR, Sl SR R B RAG 1A T el R A

P N RS (R A AN GE TR AL o 4% 15 BEAE R MU M IEAS 73, 7R B2 3L 5K MR IR
TERT, R E Y RARRFR A . PIRN R T E R (AL e REUBO IR, AR e AR
Fiszme, SRR RN ST ZEMR, HaTEE.

(3) JLFFIEEERE, AL 7R RS AR T I ThRERR G SRS RIS L, et AT

AEDIREEORIE B REAROR, M5 T S T R EE o X b 8 1k 5 FT 58 L2 B PR 5 125 10
THEEGE R, 25 8 R EEAE R BB URR PRI, B R A AN TS AR /N T 50%.  EEHE R AR AR
FAAEREAR TR 58 M7 iR BT I R TE I AT S, 3K T TR AR

B AR EFNNEERAESTE (i'5: 11825205); HEFLZRE IS 1% SR L 1 (B

) (45 XDB22030202) %,

10

11

12

13
14

15

&EE

Thompson H, Reiners J, Brunner M, et al. Tahiti flowline expansion control system. In: Offshore Technology conference, 2009. OTC-19858-MS

Carr M, Bruton D, Leslie D. Lateral buckling and pipeline walking, a challenge for hot pipeline. In: Offshore Technology conference, Amsterdam, 2003.
1-36

Bai Y, Tang J, Xu W, et al. Reliability-based design of subsea light weight pipeline against lateral stability. Marine Structure, 2015, 43: 107-124

Randolph MF, Gaudin C, Gourvenec SM. Recent advances in offshore geotechnics for deep water oil and gas developments. Ocean Engineering, 2011,
38(7): 818-834

Carr M, Sinclair F, Bruton D. Pipeline walking—understanding the field layout challenges and analytical solutions developed for the SAFBUCK JIP. In:
Proceedings of the Annual Offshore Technology Conference, Houston, USA, 2006. OTC 17945.

Tornes K, Ose BA, Jury J et al. Axial creeping of high temperature flowlines caused by soil ratcheting In: Proceedings of the Conference on Offshore
Mechanics and Arctic Engineering, 2000. ASME, 1229-1239

Rong HC, Inglis R, Bell G, et al. Evaluation and mitigation of axial walking with a focus on deep water flowlines. In: Offshore Technology Conference,
2009.

Det Norske Veritas and Germanischer Lloyd. Global Buckling of Submarine Pipelines, Recommended Practice DNV-RP-F110, 2018
KPR v I A 1 A L R A% R FE B TE [ 0 50) K RIERL TR, 2010, 66-73

Bruton DAS, Carr M, Sinclair F, et al. Lessons learned from observing walking of pipeline with lateral buckles including new driving mechanisms and
updated analysis models. In: Offshore Technology conference. 2010

Chen Q, Chia HK. Pipe-in-pipe walking: Understanding the mechanism, evaluating and mitigating the phenomenon: In: International Conference on
Ocean, Offshore and Arctic Engineering, 2010. ASME, 73-79.

Reda A, Sultan IA, Howard IM, et al. Pipeline walking and anchoring considerations in the presence of riser motion and inclined seabed. International
Journal of Pressure Vessels and Piping, 2018, 162: 71-85.

Castelo A, White D, Tian YH. Simple solutions for downslope pipeline walking on elastic-perfectly-plastic soils. Ocean Engineering, 2019, 172: 671-683
White DJ, Randolph MF. Seabed characterisation and models for pipeline-soil interaction. In: Proceedings of the 17th International Offshore and Polar
Engineering Conference, Lisbon, Portugal, 2007. ISOPE, 758-769.

Shi YM, Wang N, Gao FP, et al. Physical modeling of the axial pipe-soil interaction for pipeline walking on a sloping sandy seabed. Ocean Engineering,

2019, 178: 20-30.



[ )% K 2:-2019

Reliability analysis for axial walking of submarine pipelines

Shi Yumin"2, Gao Fuping"?"
1( Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100190, China)

2(School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: High internal pressure and temperature usually cause submarine pipelines to undergo
expansion/contraction and induce the axial walking on the seabed during start-up and shut-down cycles in
the operating life. The cumulative movement of the whole pipeline could lead to significant end
displacement, and even the security failure of associated infrastructures. Firstly, the driving conditions,
walking mechanisms and influential factors of the pipeline walking phenomenon are discussed, respectively.
Considering the wedging effect in the axial pipe-soil interaction, the analytical solutions are then provided
for predicting the amount of walking per cycle. In this study, to reflect the uncertainty or variability of soil
resistance, the pipe-soil friction coefficient is described as a random variable. Meanwhile, a performance
function for the reliability analysis of pipeline walking is established. Based on analytical solutions,
probability distribution of the walk per cycle and the reliability of pipe-walking are evaluated with Monte
Carlo simulations. The results demonstrate that, when the friction coefficient satisfies a normal distribution,
the respective walking rates due to steel catenary riser tension and seabed slope are distributed
asymmetrically. Furthermore, their variation coefficients are approximately close to each other, which are
higher than that of friction coefficient. Reliability assessment of pipeline walking indicates that, the
existence of friction coefficient variability would degrade reliability and increase failure probability of the

pipeline designed with deterministic method, which may pose risks to the associated infrastructures.

Key words: Pipeline walking, Coefficient of variation, Performance function, Monte Carlo simulation,

Reliability assessment



