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Fig. 2 Calculation results of the global buckling of pipelines
with and without sleepers
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Fig. 4 Calculation results of the global buckling of pipelines under different sleeper heights
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Fig. 5 Calculation results of the global buckling of pipelines under different pipeline-sleeper friction coefficients
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Fig. 9 Results of the global buckling of the pipelines under different pipeline-sleeper friction coefficients
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Fig. 10 Results of the global buckling of pipelines under different sleeper heights
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Fig. 12 Results of the global buckling of the pipelines under different gravity ratios of buoyancy
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Fig. 13 Results of the global buckling of pipelines under different buoyancy lengths

WK 13(a). (b)FR, BEEFETBAS B, i
e o o7 2 S TR R/ R B, LA Ak R R
WS o IX R BHVE T B K, A R S AR TR A
Bl fi & 77 A AR il I 13(e) T, Y PE T BOKEEM 0
BEOmE] 100 m B, &8 0% 1E [ JE i EA G R, 7
1] e R A W, R IR B EANT R
AR E T AT A K, 7R X B DX [R] N 3 VR ) B
KRB TEEIE AR LA, 4775 BB
100 m 3N % 200 m B, 7 [ e i (B 3G n, X 2 A
Shy IS i 007 9 1 0 1B P ) B 5 2 AR O 1) AR T
A AR T 458, 7F 0 X R) 36 K77 B B, T
PR 16 17 1) AR B 1) & A o 77 1 B EERF 200 m
WF, T ARSI o B B A T e il B
KB, XKEmp B mEsh, mE 13(d)n 1, b

Marine Sciences / Vol. 45, No. 2 /2021

BB BE R I, A5 I8 B ) R BORE B A R K
JE FOL A 1 A 2 ) 1 B ) ) 2 0N o A 13(e) BT,
T B RN, &N KO RN, B
N7 7 AT A3 AL Bt 7 0 B 48 T v sl 559

B, AR R &5 B nT g0, 77 1 Bk B AR fb it
B I 5 R far 2% 55 e A R A R e, L
SR Bl P 7 B BE S s Wi s o 45 A LA Lo b g
A, @R ) B FEEEUE Y 100 m.
3.2.3  FIIBSMARN LB I

B BB g E D RN 0 m, 10 m,
30m, 60 m, 80 m, 120 m A4S I8 PEATRUE R,
it S EE 2 . EEAEMA-TE ISR M E T
R HE KT Ty A A e il A I S e il A A, R A e it
JE WK RS . Bl RN Sy oA, e 14 s

115



5 iRE REPOATS

LB/
00 20 40 60 80 100
=50

é “100FN ——(0'm
5 150 _____--ﬂ_;—_-_-_-u; ....... %8 m
= <=7 . e "7 eeee- m
= - ==60m

-200 T om

— —120m
-250+¢

(a) HIE P R b 7y - R £&

——O0m

KA /m

o VA

50 900 56 1000 WP 1100 1150
oL HIE AT/ m
(¢) K1 A% s A7 P

400 ¢

¥ J1/MPa
3] o
(=) [=)
(=] [}

(=
(=]
T

[\ [\

P x®

(=] (=]
1

I et iy /KN
)
S
IS

160 +
[
120 L : )
0 40 80 120
T IR /m
(b) 15 S iy Ay 2
(ESTERAZ N
OO 500 1000 1500 2000
~50}
-100 -
§ o Fos 0Om
-T_\’ -150 77\ wrifounnns 10 M
% 200 f' """ 30m
---60m
=250r  \4y = N/ 80 m
——=-120m
=300t
(d) fli 35
——O0m
.............. 10 m
------- 30m
----60m
————— 80 m
——=-120m

0 ¢
800 900

1000 1100 1200

BIENTRE/m

(e) N F1 53 A

Kl 14

AT Ty B r B A T i AR A i 45 SR

Fig. 14 Results of the global buckling of the pipeline under different positions of buoyancy sections

& 14(a). (b)RIAL, Bl 77 B 2418 s liE
BR BN, AT A I FEE ey 2 W G, A5 1E &
A 7K ) e S R Bl e Tt R R A B/ 140,
TFAYEE N 0 m B AN E 30 m, 1E [ il i
/N, KR VR T B N 7 ¥ R A A RE A
KB 10 AR o A & AR i AR TR R 4y, FEIEIX
V) P9 385 fin 7 o B 2 A P SRR B, S B0NE N AE IE 1)
AT R 4> B VT B DS/ - S AR T A TR
B R n, PR 42 45 45 1 97 ) JeE ot 2 R o M B RS A
30 m H#EINZE 60 m B, 1 [ dh R A B, X2
P17 7 Bk 2 i 5 A A TP S, TR Bt R 43
B AE 1) AR Y 0 A5 T K BE R, DA (T IE [ AR
TEH &R, MIEE M 60 m BEANE 120 m B}, LA
T B AT A LT A AR AR, X i T IE
TSR T A A A i 4y, PR b 4k i iR
BIOXHE T KCF 1 S B 2 M AN . B BT 14(d)FTET 14(e)

116

FIAL, BEAE TR B E R IR R BRSOk, Rl RE
TR B2 T2 /), e T B A el g RN g 3 T 4
e B, RKYE Bk e R, #sGE B R E T
M LIS AE 0~10 m [ H

4 EZi

ARSCHGUE T B A T S OB M 143 P B
TIEPRBG, XTI -
7 JIRR A O AE T R A AR L B, R R
FEEREAUTT 5 RGEETE T MR- JIE R A KK
1] A AR et R e 1 B2 R AR B PLT Sh i

(1) SEMVREA o B | R IR AET 2 - B A I B 4 AR 5
AT SRR AR A 2 A A A T o P e e 2,
TCIE i i it B A A8 B 4 e ) A

(2) SRARER I ATIFE LML, MAR-TF T4
BV T LR AT 0 A0 A T W 5 e ot £ 2 ] el i

TEFPERLE ) 2021 4F /45 45 %8 /5 2 1)



5 iRE REPOATS

/NG TE R s B P R B ) O AR R SE T, O T AR
TEARIE 1] 1E [0 AR e HAT B i 2 A

(3) TEMUA P A Aol (5 b A ]

R, BIE T B | AR T Be s be A K 4
/INTR ) B A B AR BT A B X T A R AR A
A 4 I S D o 4T 2, f R SO [ ) ol T PR,
AR AR 3 v By B R )

2% Hk:

(1]

Bruton D, Carr M, Crawford M, et al. The safe design
of hot on-bottom pipelines with lateral buckling using
the design guideline developed by the SAFEBUCK
Joint Industry Project[C]//Proceedings of the Deep
Offshore Technology Conference, Vitoria,
Santo, Brazil. 2005: 1-26.

Sinclair F, Carr M, Bruton D, et al. Design challenges

Espirito

and experience with controlled lateral buckle initiation
methods[C]//ASME 2009 28th International Conference
on Ocean, Offshore and Arctic Engineering. American
Society of Mechanical Engineers, 2009: 319-330.

X, 2 IORL. s I e T VR A T KT ) e A it
W BRI BT [)]. KER A 4 (A R B 5 TR
ARR), 2020, 53(1): 1-16.

Liu Run, Li Chengfeng. A brief history of lateral buck-
ling studies on submarine pipelines[J]. Journal of Tian-
jin University(Science and Technology), 2020, 53(1):
1-16.

Harrison G, Harrison M, Bruton D. King flowlines-
thermal expansion design and implementation[C]//Off-
shore Technology Conference. Offshore Technology Con-
ference, 2003, 15310: 1-11.

Jayson D, Delaporte P, Albert J, et al. Greater Plutonio
project—Subsea  flowline  design and  perfor-
mance[C]//Offshore Pipeline Technology Conference.
2008: 1-36.

Tt 2. IR A I A i S A ELAR AR5 (D]

Marine Sciences / Vol. 45, No. 2 /2021

[10]

[13]

[14]

IR %, 2014,

Shi Ruowei. Global buckling of subsea pipelines and
pipe-soil interaction[D]. Zhejiang University, 2014.

g SR U6 . R A I L O FR E PEESE[D]. RHEHER %,
2015.

Zhang Zongfeng. Stability analysis of in-situ submarine
pipeline[D]. Tianjin University, 2015.

Wang Z, Tang Y, van der Heijden G H M. Analytical
study of lateral thermal buckling for subsea pipelines with
sleeper[J]. Thin-Walled Structures, 2018, 122: 17-29.
Wang Z, van der Heijden G H M, Tang Y. Analytical
study of third-mode lateral thermal buckling for unburied
subsea pipelines with sleeper[J]. Engineering Structures,
2018, 168: 447-461.

Silva-Junior H C, Cardoso C O, Carmignotto M A P, et
al. Reduced model device of solutions to control ther-
mal buckling effects in HP-HT subsea pipelines[C]//
ASME 2008 27th International Conference on Offshore
Mechanics and Arctic Engineering. American Society
of Mechanical Engineers Digital Collection, 2008:
535-543.

Bai Q, Qi X, Brunner M. Global buckle control with dual
sleepers in HP/HT pipelines[C]//Offshore Technology
Conference. Offshore Technology Conference, 2009.
Carneiro D, Gouveia J, Parrilha R, et al. Design of Small
Diameter HT/HP Sour Service Reeled Rigid Pipelines[C]//
paper no. IBP1377_09, Proceedings of the 7th Rio Pipe-
line Conference, Rio de Janeiro. 2009.

Reddy N R. Lateral Buckling Behaviour of Snake-Lay
Pipeline With Vertical Support at Crown[C]// Asme In-
ternational Conference on Ocean. 2013.

XUSPIG . e it/ e T T VA A 1) A o L B R 47
AT 5L [D]. KRBT KE, 2010.

Liu Yuxiao. Studies of HT/HP subsea pipelines on lateral
buckling mechanism and controlling measurements[D].
Dalian University of Technology, 2010.

Veritas D N. DNV-OS-F101 Submarine pipeline sys-
tems[J]. Noruega: DNV, 2010.

117



5 iRE REPOATS

Study on sleeper-buoyancy coupling method for global buck-
ling of submarine pipelines
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Abstract: Unburied subsea pipelines operating under high temperatures and high pressures are likely to exhibit
lateral global buckling. In actual engineering applications, a global buckling trigger device is often installed on the
pipeline route to achieve an effective control of the lateral buckling. In line with this, the sleeper method is the most
common application. This study analyzes the main influencing factors of the sleeper method and verifies the occur-
rence of the stress concentration phenomenon of the pipe buckling section when the sleeper method is used. The
effects of the sleeper method, distributed buoyancy method, and sleeper—buoyancy coupling method on global
buckling are compared, and a numerical simulation method is used to systematically examine the effects of sleeper
and buoyancy parameters on the lateral buckling and post-buckling of pipelines. Our results show that artificial
trigger devices with buoyancy sections on both sides of the sleeper can trigger the global buckling of the pipeline
and promote the release of axial force between the virtual anchor points of the pipeline, reducing the stress in the
buckling section of the pipeline. Compared with the sleeper method, the sleeper—buoyancy coupling method can

reduce the maximum stress in the pipeline by 23%.

(Rt #E: BTR 3k)
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