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Abstract

The requirement of design of High—Pressure/High—-Temperature(HP/HT) pipelines on an
seabed increases in recent years. The need of research on the analysis method to improve
the design capacity is increasing. The purpose of this study is the development of the
analysis method of thermal buckling of subsea pipeline structures. The analysis method of
thermal buckling was established by using the commercial FEM code(ABAQUS) which
shows the outstanding performance in non-linear static FE analysis. The developed
method has been applied to the installation of subsea pipeline on the offshore project. For
a validation, the comparative study has been carried out. This application to offshore
project demonstrates the superiority of the analysis method of thermal buckling of subsea
pipeline structures and testifies the application to detail design.
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Fig. 1 Two node twelve degrees of freedom 3-D
finite pipe element
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Fig. 4 Pipeline section
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Table 1 Allowable strain
Parameter Allowable Limit(%)
Equivalent Plastic Strain 0.3
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Fig. 5 Selected pipeline for analysis
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Table 2 Data for gas injection pipeline

Details ) Gas Injection
Pipeline
Pipeline OD mm 323.9
WT mm 27.0
. API 5L X-65
Material Grade - (NACE)
Pipeline Approx. Length km 2.318
Concrete Weight Coating mm 115
Thickness
Concrete Welght Coating kg/m® 3040
Density
Steel Density kg/m® 7850
Seawater Density kg/m® 1032
Operating Pressure MPa 379
Maximum Operating oc 90.6
Temperature )
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Table 3 Summary of concrete sleepers
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Table 4 Friction coefficients
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Fig. 7 2-Dimensional bathymetry considering
concrete sleepers

Journal of SNAK, Vol. 47, No. 2, April 2010

229

—
-
—
—
—_
S
=N

Fig. 8 Seabed modeling considering concrete

sleepers at pipeline crossings

ool = etel
Ramberg—Osgood & Al
g ol=stti(Fig. 9).

0 —
Ramberg-Cagond STess-5Tain Relationship
| —— A ]

e
s —| P
e
el
»
4
4m — !

7

£ 1]

Pl

T

w4
1
4
4
00—
E
o
o

L L L L
05 ' 15 2 E
Strain %)

Fig. 9 Stress—strain relationship of APl 5L X-65

NS HAIMES SHESAH S MY
A= HIOIEE JIxE=Z Patran ZZ2)s 0|=6}

o 2aE otRct



230

Temperature
———— LS

Temperature (°C)
8
|

60
T T T T !

1 15
KP(kilometer post)

Fig. 10 Temperature along pipeline
EHLHRUCH ZHSH0| LMot=

o
9|
4. oHA&Z 1 wol2e| Z2itet Ss8s 2 + UL zlist2

ED[2ol 2t HIWSEHH 1.1%2 0lAa8h XH0IE
TOHOIZeteloll CHE SHAZHE Table 5 O R SOICH zUS¥e LM /X FE =2 s
StCH ZIHS2(max. von—Mises stress), SJta 2 =2 U545 S, HHE ReAMAS Sl
HH S E(equivalent plastic strain), S2&ts=3 M= oH&dI== HEGHH Jtsottt
Jl(lateral buckling amplitude), 12l |SE=5IS oo
(effective axial force)Oil TSt oA Z2UHE LIEHNY ] von s Svess

——F—— Hyundai heavy industries.
[ ]

WorleyParsons - Max. Stress

(,?A-l |:|, . 4.50x10° —|

4.00x10° —|

Table 5 Summary of results for pipeline under
HP/HT operation conditions
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Fig. 12 von—Mises stresses along pipeline
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Fig. 13 Equivalent plastic strain along pipeline

4

H OHEA+ g3stEs S8 Hd

A =2 Mool {8t el Y
AUI01Z eHY(snake—lay) 2, clolEy2
H& AZ(mid-line expansion spool) 2,
0 M2 E2N/E2IE o8 A2 MO
S0l LN EEED JACHKien et al. 2008).
2t2to| BHHO| HCSAOQ| JASLE, 12/ Bl
A =SEe M TH0IZ2ielo) BRMeE HIES
UM AUECZ gelst M2 Eld/sell ¢
=URESE=22 1 )

IJ e |0
Q> H

a

t

0

MNZE IoIZetelol H< =
£ 0.144%)0| SISEH(0.3%)0 Cti ZFEHLL
MetA, X1 Al S2AdS dedottd JHA ot
0l 2L3tCt.

HEHOIOZ = KP=0.687, KP=1.596 XI&2 =

Journal of SNAK, Vol. 47, No. 2, April 2010

231

i &SR0 O AH=It HE MBS 2HE
SN =LE oSS 2AIlE Y-S HotRilh

HEEX H= £ Fig. 14 0Ol

10

n
s
>
0x
rE

80| 0.05% 0512 HLZX Hol Hish 2
ZorEe o 4 U

Equvivalent Plastic Strain (%)
Before remedial measure
- ——A—— After remedial measure

0.15 —

0.10 —

Equvivalent Plastic Strain (%)

0.00 44 ; ; ; ]

0.00 0.50 1.00 150 2.00 2.50
KP

Fig. 14 Eqguivalent plastic strain along pipeline
before and after remedial measure
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and after remedial measure
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