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NUMERICAL STUDY ON THE EFFECTIVENESS OF STABILIZATION TECHNIQUES
OF OFFSHORE PIPELINES AGAINST LIQUEFACTION

Mok _*-Kua B>
By Koji SEKIGUCHI and Hiroshi OISHI

Designing a offshore pipeline for installation in an area subjected to earthquake activ-

ity requires an investigation of potential effects of seismic shocks, If the seabed or the
filling material along a pipeline route consists of cohesionless soils likely to liquefy
under the influence of seismic shocks, a pipeline buried in such soils may lose stability
and float to the surface of the seabed. This paper describes the effectiveness of three
types of stabilization techniques, 1) Anchoring the pipeline, 2) Increasing the weight of
the pipeline, and 3) New stabilization technique which has been proposed by the au-
thors. In order to simulate the behavior of pipeline under liguefaction, we used finite

element model which was proposed by Minami, Kiyomiya and Tsuchida,
Keywords . offshore, pipeline, liquefaction, stabilization, FEM
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Table1 Dimensions and Sectional Properties of Offshore

Pipelines,
Pipe type 108 208 408 208"
diameter D {(em) 26.74 50.8 101.6 50.8
wall thickness £t (em) 0.93 1.27 1.6 1.8
coating thickness  te (em) 1.73 3.33 7.57 4.26
outside diameter Do (cm) 30.2 $7.5 116.7 59.3
sectional area (em?) 75.4 197.6 502.7 277.1
total sectional area A (cm?) 716.3 2592.2 10701.8 2762.8
moment of inertia I (em*) 6290 606x102 [ 628x10° 833x10?
section modulus z (em®) 470 2390 124x107 3280
weight per length (gf fem ) 592 1550 3950 2175
uwnit weight o (gf/em?) 1.9 1.7 1.7 1.4
¢ axial direction (m)
o 50 100
" [E— - 1 |
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H {cm)
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I} | 8=35 m
H )
E or
o T
a4 |
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Fig.7 Displacement and Bending Moment Calculated for
Various Lengths of Liquefied Zone (40B, H=3m, 7,
=2.0gf/cm® 7,=1.7gf/cm?).
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Fig.8 The Relation between the Length of Liquefied Zone,
Maximum Displacement and Maximum Bending Stress
(H=3m, 7=2.0gf/cm?).
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Fig.9 Displacement and Bending Moment Calculated for
Anchor Pitches (40B, H=3m, 7%=
2.0gf/em?, y,=1.7gf/cm®, A=175m).
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Fig. 10 The Relation between the Anchor Pitches, Maximum
Displacement and Maximum Bending Stress (40B, H
=3m, y=2.0gf/cm?, ¥,=1.7gf/cm3 A=175m).
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Fig.11 The Relation between the Unit Weight of Offshore
Pipeline, Maximum Displacement and Maximum
Bending Stress (40B, H=3m, y,=2.0gf/cm’, A=
145m).
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Fig.13 Bending Moment Calculated for Various Lengths of

Non-liquefied Zone (40B, 7y.=2.0gf/cm? y,=
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Fig. 14 The Relation between the Length of Non-liquefied
Zone, Maximum Displacement and Maximum Bending
Stress (40B, 7=2.0gf/cm®, 7,=1.7gf/cm’, A=
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Fig.15 A Feasible Example of New Stabilization Technique
of Offshore Pipeline Against Liquefaction (40 B, y,=
2.0gf/cm?, y,=1.7gi/cm?),
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Fig.16 Displacement and Bending Moment of Offshore
Pipeline which Corresponds to Fig. 15.
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Table A-1 Values of Dimensionless Functions,

x @y (x) P2 ix} @3 {x P4 (x)
0.1 6637.363 | 6381. 816 30, 091 6.902
0.2 917. 667 891. 667 15. 167 3.825
0.3 300. 146 283.761 10. 231 2.826
0.4 139.393 127.679 7.786 2.346
0.5 78.333 69. 333 6.333 2.074
0.6 49. 611 42.361 3.375 1.904
0.7 34. 099 28.057 4. 697 1.792
0.8 24.872 19. 705 4. 194 1.716
0.9 18.977 14. 468 3.807 1. 663
1.0 15. 000 11. 600 3.500 1. 626
2.0 3.817 1.917 2.167 1. 367
3.0 2.222 0.722 1. 750 1. 621
4.0 1. 669 0. 369 1, 550 1. 673
5.0 1. 421 0. 221 1. 433 1. 716
6.0 1. 290 0. 147 1. 367 1. 750
7.0 1. 211 0. 104 1. 304 1. 777
8.0 1. 161 0.078 1. 264 1.798
9.0 1127 0. 060 1.233 1. 817

10.0 1. 102 0.048 i.209 1. 832

20.0 1. 025 0.011 1.102 1. 908

30.0 1.011 0.005 1. 068 1. 937

40.0 1. 006 0. 003 1. 051 1.952

50. 0 1. 004 0. 002 1. 040 1. 961

60.0 1. 003 0.001 1. 034 1.968

0.0 1. 002 0.001 1. 029 1.972

80.0 1. 002 0.001 1. 025 1. 976

90.0 1. 001 0. 001 1. 022 1.978

100. 0 1. 001 9. 000 1. 020 1. 980
200.0 1. 000 0. 000 1. 010 1. 990
300. 0 1. 000 0. 000 1.007 1.993
400. 0 1. 000 0. 000 1. 005 1. 995
500. 0 1. 000 0. 000 1. 004 1. 996
500~ sooor
(cm) (kgf/cm?)
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(a) 4 vs max. disp. (b} A vs max. stress

Fig. A-2 The Relation between the Length of Liquefied Zone,
Maximum Displacement and Maximum Bending
Stress (Calculated from Analytical Solutions).
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