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Table 1  Design parameters of pipeline

Young’ s modulus £/ (N/mm?) Poisson’ s ratio v wall thickness T'/m external diameter D /m
206 000 0.3 0.012 7 0.3239
) s . . 5 N coefficient of linear thermal
steel density p, /(kg/m’) oil density p, /(kg/m”) seawater density s /(kg/m’) .
expansion a /C
7 850 300 1120 0.000 011

F2 LW RS
Table 2 Soil properties

top-bottom submerged unit

soil horizon water content w /% void ratio e plasticity index /p
depth H /m weight ¢ / (kN/m? )
muddy silt clay 0~2 38.8 7.8 1.05 14.3
muddy clay 2~3 45.8 9.4 1.27 21.5
internal friction compaction index compaction index
soil horizon cohesion C /kPa . shear strength ¢ /kPa
angle ¢ /(°) a,, /MPa” E,, /MPa
muddy silt clay 18 18.6 0.63 3.26 4.0~7.5
muddy clay 10 15.9 0.89 2.58 7.5~16.0

S3HT AT AN SRR R it 5 4R kAR AR il i B AR 2558 22. 0 € m IR TR
75, A B A SR R 5 . LA 23 548 B R 3 3 Fews DL i) TR e , /0 A Ho bt
i A RO 3BT PR LR ) N R AR B 1 1 % IR H X AEQT = (Ap/t) (D72 - 1) (0.5 -
v) BiE T, WINJE SR 2 LA VE A S T LNBETEZE 4 90. 7 °C. G R A HE LM
Hb L 2 0] Y EE 5 DUECRCR 0. 2.

3.2 #ZHEBEREIMRIPIETE

T AR SR T i P A R BB R E £ o0 H = 1.5 m WA A 0 o 200, =X (1) AT44
TR 2 B B 295 F7 o 1,302 kN/m . JESE SRR, 28 4R 10 B e 6 1R 1B [ e
AR R IRE SR 2ZE X R WA 6.

F ] 6 WL A5 0 ek e o S {0 A5 288 1 T i A5 T A 35 KR ). ) i o T AR %
R T R 228 B 2R 8 T & AR T . 2 s S A R AE V. P 50 mm 3% 100 mm
B, L6 rb i i 2 R S | Xof o7 A8 A e AR T B 1 e R Tl 25, BT A AR 1 I 2 1k B
X — U (I T o A5 6 110 et i T 2SR R, 5 A e i s 190 28 SR 388 R AT 7. 2490 B S
BRI, 6 il P A2 ST 2, U PH I ISt B 25 A8 2 v TR B T 1, A5 R it S (e w0 B
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Table 3 Analyzing results of depth-to-diameter
embedment resisting uplift temp. state
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ratio H/D force F 5, /(kN/m) T/C
3 56 T, 102.4 92.6 82.7 69.1
' T 123.9 101.9 — —
. 94 T, 116.0 106.9 93.8 82.4
' T 139.8 115.2 — -
s . T, 128.0 120.8 108.6 94.8
' T 154.0 127.4 — —
T, 141.1 130.1 113.2 103.4
6 27.1
T 167.2 138.5 — —
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Engineering Measures for Preventing Upheaval
Buckling of Buried Submarine Pipelines

LIU Run', WANG Wu-gang', YAN Shu-wang', WU Xin-li’
(1. State Key Laboratory of Hydraulic Engineering Simulation and Safety,
Tiangin University, Tianjin 300072, P. R. China;

2. School of Engineering Design, The Pennsylvania State University,
University Park, PA 16802, USA)

Abstract: In-service hydrocarbons must be transported at high temperature and pressure to
ease the flow and prevented solidification of the wax fraction. High temperature and pressure
induced addition stress in the pipeline, and its accumulation will cause upheaval buckling of the
pipeline. If such expansion is resisted, for example by frictional affects of the foundation soil o-
ver a kilometer or so of pipeline, compressive axial stress will be set up in the pipe-wall. When
the value exceeds the constraint of foundation soil on the pipeline, sudden deformation will oc-
cur to release internal stress, which is similar to the sudden deformation of strut due to stability
problems. The upheaval buckling may jeopardize the structural integrity of the pipeline. There-
fore, the effective engineering measure against this phenomenon plays an important role in sub-
marine pipeline design. In terms of the pipeline installation and protection measures commonly
used in Bohai Gulf, three engineering measures was investigated in great details. The analytical
method was introduced and developed to consider the protection effect of anti-upheaval buck-
ling of the pipeline. The analyzing results showed that the amplitude of initial imperfection had
a great effect on the pipeline thermal upheaval buckling. Both trenching and burial and discrete
dumping were effective on preventing the pipeline from buckling. The initial imperfection and
operation conditions of the pipelines determined the covered depth and the number of layers of

protection measures.

Key words: submarine buried pipeline; thermal stress; upheaval buckling; protection meas-

ures



