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Fig. 1 The effective axial forces of the subsea pipeline with or without lateral buckling
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Fig. 2 The lateral buckling of the subsea pipeline with distributed buoyancy sections for mode 3
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Table 1  Structural and loading parameters of the pipeline
parameter value unit
length L 20 km
outside diameter D, 609.6 mm
wall thickness ¢, 20.6 mm
Young’ s modulus £ 207 GPa
Poisson’ s ratio v 0.3 -
pipeline submerged weight W, 3303.52 kN/m
design temperature T'; 50 .
internal pressure p, 15 MPa
water depth A 1200 m
water density p 1030 kg/m?
thermal coefficient a 0.000 011 7 ¢!
axial friction factor u , 0.4 -
lateral friction factor u 0.5 -
U
z — critical buckling force
S [ — fully developed force profile |
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Fig. 3 The fully developed force profile of the ideal pipeline
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Fig. 4 The set of Pareto-optimal solutions
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Table 2 Values
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Fig. 5 The effective axial force profiles of the pipeline
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of the performance indices and their associated design variables for optimization

project B Dy /M P /MN
1 0.54 0.10 5.34 1.645
2 0.77 0.10 6.00 1.41
3 0.97 0.10 7.06 1.28
4 0.50 0.33 4.25 1.8
5 0.73 0.10 5.08 1.37
6 0.97 0.10 6.23 1.18

project position of the buoyancy section
1 1.95 355 518 6.81 844 10.07 11.69 13.30 14.88 16.40 18.00
2 191 353 517 6.80 844 10.06 11.69 1331 1492 16.52 18.12
3 1.81 350 5.17 6.81 843 10.07 11.70 13.28 14.88 16.53 18.19
4 1.96 3.16 445 575 7.06 834 9.69 11.05 12.43 13.84 1525 16.65 18.00
5 1.74  3.16 455 588 7.00 821 9.62 11.05 12.47 13.88 1531 16.75 18.22
6 1.64 311 447 566 7.08 824 9.65 11.02 12.47 13.88 1534 16.84 18.35
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Multi-Objective Optimization Design for Lateral
Buckling Control of Subsea Pipelines by
Distributed Buoyancy Sections

ZHAN Li-chao, LI Gang
(State Key Laboratory of Structural Analysis for Industrial Equipment
(Dalian University of Technology) ; Department of Engineering Mechanics
Dalian University of Technology, Dalian, Liaoning 116024, P.R.China)
(Recommended by ZHANG Ya-hui, M. AMM Editorial Board)

Abstract: In order to meet different performance requirements, a multi-objective optimization
strategy was presented for the lateral buckling control of large-scale subsea pipeline systems
based on the analytical model. The multi-objective optimization was performed with the NSGA-
IT algorithm to improve the lateral buckling control effects on the subsea pipeline through opti-
mization of the layout scheme and design parameters of the distributed buoyancy sections. The
optimization results show that the amount of the distributed buoyancy sections does not have
absolute influence on the lateral buckling performance, and the Pareto-optimal set obtained
from the multi-optimization provides helpful reference for designers to consider multiple per-

formance requirements and choose more rational schemes.

Key words: subsea pipeline; lateral buckling control; distributed buoyancy section; multi-ob-
jective optimization
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