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ABSTRACT

Subsea pipelines are widely used to transport hydrocarbons from ultra-deep seawater to facilities on the coast. A
sandwich pipe is a pipe-in-pipe system in which the annulus between the two concentric steel pipes is filled with
polymer cores and fillers for insulation and structural reinforcement. Sandwich pipeline is always exposed to complex
loading such as bending moment, bulking, internal and external pressures caused by installation, operation and environmental
factors. This research provides insights into the structural integrity of sandwich pipeline exposed to complex loading
conditions using a linear matching method (LMM). The finite element model of the sandwich pipeline has been generated
from previous research, and the model validation is performed by comparing the results of the linear analysis between
the two models. The temperature dependent material properties are used to simulate the behavior of real pipeline,
and the elastic-perfectly plastic (EPP) model has been taken into account for the material non-linearity. Numerical
results provide comprehensive insights into the structural response of the sandwich pipeline under monotonic and cyclic
loading and provide notable points about the evaluation of the plastic collapse limit and the elastic shakedown limit
of the sandwich pipeline.
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Fig. 1 Sandwich pipe schematic diagram

Table 1 Geometric parameters

Geometric parameters Size (mm)
Inner pipe diameter D, 219.1
Outer pipe diameter D, 3239
Inner pipe wall thickness t; 12.7
Outer pipe wall thickness t, 14.3
Half shell wall thickness t, 14.3
Cutback length L, 350
Total length Z 2000
Swaged angle 0, 28(°)
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Table 2 Mechanical properties
API-SL-X70
E(GPa) v o,(MPa) k(W/mC) ao(m/mC)
4C 207.16 0.281 705.95 4533
1.14x107°
65C 202.78 0.282 681.53 44.53
Polypropylene
4C 5
1.0 0.43 Perfectly Elastic 0.2 1.48x10"°
65C
E=Elastic modulus, v=Poisson’s ratio, 0y=Yield strength,
k=Thermal conductivity, a=Thermal expansion coefficient
P, 0,

p, ¥ 8 8
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-

Fig. 2 Loading conditions of the sandwich pipeline

AMEA] Fpo]zeiRle] BE A5 =42 Table
29} 2t} gto] ZelR1F} half shell & API-SL-X700] 1
L5 0]&E X(temperature dependent property)= -8
3tAT). Fojet = Zg]Z 2 A (polypropylene)
o7 obd B4 AR JPgdth
Ao ZeH 3L Fig. 20 BAE O] Qa4
A& #H& Table 39 2T &% 35 (operating
loads)%] Wt 9192 242t wfo] o] W59} 9|7
of AL&EUN, o]z E 23 FEHE 7] 9
3t = A 35 (end-cap pressure)©] & }o] L o
Holl A-8= At
27 35 (external loads)¢] H3 EHIES} =S
oprlEhE & %]’——T 3} (axial compression)S & <174

ol 2-8H At skFo] 28544

= ‘ﬂ'ﬂ% WFE A mE IR
T4 A Y2 A &4 F 2 o
H& A8, Q8 v BRIE 18 F =
8152 & H(straight pipeline)o| A &4 B & o]
ahe 308 A 83kTh Ul 250, dukE o
2 A3 g3lra 9hE 9% 252 65T, 9+

256, AolANA Y] H 230 4T E FH &3
o 2 AT Hed skF ol¥S Fig 39 Zth

AMESA] gpolazeilo] f3ha AR dle Fig 49
Ueht ok oaf 4 HEY SHA 849
C3D20RE AH&3tiom 84 HAH3 A7 (mesh
sensitivity study)= 71 A7 AHVE 214314 %—
4233070 227t ARHAH. BE frkas
g9l 7 ZF(model validation)= ]3] 3L A7 °H
A B3} 9xo wE HPES T

Table 3 Magnitudes of all loading

Type of loadings Value
P, 60.18 (MPa)
P, 4.5 (MPa)
Operating loads P, 91.18 (MPa)
6, 4 (0)
6; 65 ()
External loads i LOET07 ()
P, 681.5 (MPa)
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Fig. 3 The loading wave form
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Fig. 4 Finite element model of the sandwich pipeline
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Fig. 5 Elastic solution for all loads
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Fig. 6 Elastic solution for axial compression and operating
loads
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Fig. 7 Elastic solution for bending moment and operating
loads
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Fig. 8 Non-linear solution for full model
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Fig. 9 Non-linear solution for pipe-only model
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081 Limit Load Boundary under Operating Loads
»+ | —A—Limit Load Boundary without Operating Loads
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