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Abstract : Subsea oil and gas exploration is increasingly moving into deeper water depths, and typically, subsea pipelines operate under high pressure
and temperature conditions. Owing to the difference in these components, the axial force in the pipe is accumulated. When a pipeline is operated at a
high internal pressure and temperature, it will attempt to expand and contract for differential temperature changes. Typically, the line is not free to move
because of the plane strain constraints in the longitudinal direction and soil friction effects. For a positive differential temperature, it will be subjected
to an axial compressive load, and when this load reaches a certain critical value, the pipe may experience vertical (upheaval buckling) or lateral
(snaking buckling) movements that can jeopardize the structural integrity of the pipeline. In these circumstances, the pipeline behavior should be
evaluated to ensure the pipeline structural integrity during operation in those demanding loading conditions. Performing this analysis, the correct
mitigation measures for thermal buckling can be considered either by accepting bar buckling but preventing the development of excessive bending moment

or by preventing any occurrence of bending.
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Fig. 1. Offshore platforms and subsea pipelines according to

water depth (www.oilstates.com).
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Fig. 2. Deformed shape against lateral buckling of the subsea

pipeline (www.safebuck.com).
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Table 1. Design parameters and properties of the pipeline

sAd 9% A= A HE

P=(2X8Xt/D)X FXEXT @1

Parameter Unit Value
Outside diameter mm 700 where, S is the SMYS value, T is temperature derating factor
Wall thickness mm 26 (0.92, 450/485), F is the basic design factor (0.8-normal condition),
Corrosion allowance mm 3 E is weld joint factor (0.57-worst condition).
Material grade - 5L X70
Steel density kg/m? 7850 7152 Q) &) A ufo]zZekele] A A s HA oFFA
Yield strength MPa 485 S Fsta, 3 HEF oA o=kl 1tz AA
Tensile strength MPa 370 4E AR ol AL 88 Tbed T B 1AL Q]
. - 03 A9 Fo 71Ee FRAE AAAY Ao] N1F)E Aget
Young’s modulus (E) MPa 206,000 -
: ol Fq¥M, Fig. 39| AFEo]7|% ),
Thermal expansion 01
: C 0.0000117
coefficient (a)
Thermal de-rating factor MPa Ref. DNV-F101 %t - - I -
N RELEVANT INPUT PARAMETERS: _ _ Collapse ‘] Prop.
Flowline length km 2 Nominal stect wahthickoens:  ton] 260)
Fabrication tolerance: s 1.00 mm
Pipe submerged weight kN/m 2.54 C"%‘::_’::f:';::: 2 gg:;
.. . ovu'ngsm?dului. E 20 UEng-\ a
Minimum radius of m 1.000 | et sl i
curvature in straight line ’ e s e o oss Y
Material strength factor: oy gg o
Operating temperature °C 95 Reterenes g’:“f.‘“f.;‘im:;’;.‘;"?‘,.;':;‘.‘ s oo
Minimum density of internal fhaid: e UE:gm.)
Ambient temperature e 5 Density of:m.nepm“ I I— 10260 kw3
Comroded wall thickness: YES YES
Operating pressure MPa 15 — Decated material propest = =
Charactenistic yield stress: £ 259.8 MPa 9.8 MPa
Water _depth m 750 el e e B B e
Plastic collapse pressure: oo 2120 barg NA
Characteristic collapse pressure: Pe 1393 barg NA
e it | o 1ae i
HEADING DNV-0SF101 Version ———_— E‘“x::z::: i = E 2> oes
Subses pipeline Hobbs theo [ov05 £101 2007 (hmended in Octber 2008) v | [ abon ] [E‘sm[ COLLAPSEADPROPACATIG s chacey T oK ot i
Lateral buckling calculation by required weall 1026 mm 1151 mm
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Fig. 3. Pipeline design in-house program based on recommended
practice both DNV F101 and F110.
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Fig. 4. Results of the structural checks of pipeline based on
DNV-0S-F101 and DNV-RP-F110.
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Fig. 5. FE-modeling for sea-bed and pipeline and boundary point.
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Fig. 8. Analysis flow-chart as a combination pre-processing,

solving and post-processing works.

- 418 -



iAol dAE Ao ofF-T Ao o A= A HE

U BEAHQ Fgoln, B HAd sjAeME A mdw, siAw md, se)x.
o F  EY 45 AL nNgs, 27 Bedd 1

= el

= =

Al e 5 Qv

o]0 olg 47 Aol WA, f 2

1 ALgste] 71 solzelelel
ago] F@stka, A7k W
2 AFe @ dz o

.001114
.001056

wn
&
i

lo 1
m_h

|
4 AF, %
reEYe stolxetels el sl H o FEIT
7H4 8]—919_@, gto] e}l i = Maximum displacement : 0.001m
2007)9] 7ol RESET AW o)t 9% FEetT s = a—— =
) R pSA B 4X . 1o R mmTEoraa= -001056 ooy +001063 o oo .001082 o .o -001095 oo, -00L
A7) 95l

Fig. 9. Maximum displacement of the pipeline under isolated

operating condition (pressuret+temperature).

o & F A2 M(Free-span)2] =] 3714 <}
A S zdete] AL Ealo] F 37hA &=
< AgEerlen, Table 33} ) & AellA= 7HE
- 2. TR 9tel Aot gkF 7t

N

SN =, 792148
SMX =6.8031

Table 2. Polyvalent trawl gear data

Parameter Unit Value
Trawl board steel mass kg 4,000
Trawl size (length*height) m 45435 - g,
Trawl velocity m/sec 2.8 mz-lzm 5 7658 mq,mgﬂ 4:79985 ¢ 1e733 O 19922 ¢ aoa1
Warp line length m 900
Warp line diameter m 38 Fig. 10. Maximum displacement of the pipeline under combined
Load effect factor 11 load condition (pressure+temperaturettrawl load).
Condition load effect factor 1.07

NCDAL SOLUTTICN
STEP=13 f-
SUB =10 |

TIME=3.5
EPELFQV  (AVG)
DX 622

Table 3. Pull-over force calculated by DNV-RP-F111 (DNV, 2014)

SMN =, 'E-03
SMK =.002154

according to span gaps

Span gap(m) F[kN] wave period(sec)
0 48.6 0.98
1 133.7 2.7
2 187.1 3.7
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Fig. 11. Maximum plastic strain of the pipeline under combined

load condition (pressure+temperature+trawl load).
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