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Fig. 2 Numerical result of plastic zone distribution within the
soil around a partially-embedded pipeline while losing lateral
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Table 1 Comparison between predictions with the present model for the lateral on-bottom
instability of pipeline and the tests results by Wagner et al. -]
. Y D We Test results Predictians with the present
Test number /kPa /kN e+ m! /m /kN « m™! Ws—F. wW,—F, Fr Fg, Fr;
ew/D —_— e./D
/kNem™' oD kN e m JkN+m™'/kN+m™!
1 1.0 8.0 1.0 2.8 0. 14 2.08 2.08 0.98 0. 20 0.74 0.24
2 1.0 8.0 0.5 1.4 0. 24 1.16 2.32 0.59 0. 27 0.46 0.13
3 1.0 8.0 1.0 2.0 0.10 1.52 1.52 0.51 0.10 0.32 0.19
4 1.0 8.0 0.5 1.0 0.16 0.93 1. 86 0. 44 0. 20 0.32 0.12
5 1.0 8.0 1.0 2.0 0.18 1. 44 1. 44 0. 85 0.17 0.62 0.23
6 1.0 8.0 0.5 1.0 0.33 0.67 1. 34 0.77 0. 36 0. 65 0.12
7 1.0 8.0 0.5 1.0 0. 28 0.8 1. 60 0.5 0.23 0. 38 0.12
8 1.0 8.0 1.0 2.8 0. 24 1.9 1. 90 1. 38 0.28 1.13 0. 25
9 1.0 8.0 0.5 1.4 0.40 0.95 1. 90 0.92 0.42 0. 80 0.12
10 1.0 8.0 1.0 2.0 0. 25 1.21 1. 21 1.55 0. 31 1. 30 0.25
11 1.0 8.0 0.5 1.0 0. 37 0. 67 1.34 0.77 0. 36 0. 65 0.12
b
3
o b b
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Fig. 4 Comparison between the predicted values of critical

pipeline embedment (e, /D) and the experimental results™
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Table 2 Input data for the ocean current, soft clay, and pipeline

Physical parameter Values Note
U/me+s' 1.5
D/m 0.5
Re 0.5X10°
Co 0. 65 [14]
C. 0. 86 [14]
Fp/kN « m ! 0. 366 (2a)
F./kN+m™' 0. 484 2b)
W./kN+m* 1.4
Y /KN +m™! 8.0

c./kPa 0.4~4.5

K, 2.83 4
5(a)
e./D . ,
o Fy,
DB 1. (C 3(a))
b ’FRf
FR(:FU) ’
Fy, ( 5(b)), 50
e/D . (14)
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Fig. 5
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Effects of the undrained shear strength of soft clay
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Analytical Model for Predicting Lateral Instability of a Submarine
Pipeline on the Soft Clayey Seabed

SHI Yu-Min" *, GAO Fu-Ping" *
(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, Chi-

na)

Abstract: Based on the passive soil pressure theory, an analytical model for predicting the pipeline lat-
eral instability is developed for the soft clay seabed condition. By using quasi-static equilibrium analysis,
the ultimate lateral soil resistance can be decomposed into a passive-pressure component and a sliding-re-
sistance component. The verification shows that the analytical results predicted with the present model
are in good agreement with the experimental ones by Wagner et al. (1989). It is indicated by parametric
study that, with increasing the undrained shear strength of soft clay, minimum values of pipeline em-
bedment to keep the pipeline laterally stable under steady currents decrease exponentially. Meanwhile
the sliding-resistance component of the total soil resistance increases, but the passive-pressure compo-
nent is reduced correspondingly.

Key words: soft clay;submarine pipeline;lateral instability;ultimate soil resistance



