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Table 1  Section parameters of the test pipes

material
parameter
PMMA stainless steel
outer diameter D /mm 40 20 14 10 8 6
wall thickness ¢ /mm 3 2 2 1.5 - -
length L /m 2 2 2 2 2.2 2.2
elastic modulus E /MPa 2 500 190 000
Poisson’ s ratio v 0.28 0.3
thermal expansion coefficient & /C ™! 12x107° 1.08x107°
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Table 2 Critical axial forces in the cases of upheaval buckling

outer pipe inner pipe out of straightness critical axial force
experiment series No.
D /mm t/mm D /mm e P, /N
2-1 20 2 6 0.001 499.566 3
2-2 20 2 6 0.002 400.031 4
2-3 20 2 6 0.003 366.488 9
3-1 20 2 8 0.003 9 974.662 6
3-2 20 2 8 0.003 95 952.562 9
3-3 20 2 8 0.004 906.286 0
5001
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Fig.7 Axial forces vs. displacements at the middle points of the test pipelines
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Table 3  Critical axial forces of the buried pipelines

experiment series No. 4-1 4-2
soil fill height H /mm 25 32
critical axial force P, /N 475.107 9 577.662 9

B8 Mk Ay B9 FelhE
Fig.8 Before upheaval buckling Fig.9  After upheaval buckling
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Fig.10  Comparison between model experiment and numerical simulation of the buried pipelines
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Table 4 Experimental data in the cases of lateral buckling

outer pipe inner pipe critical axial force P, /N average value
D /mm t /mm D /mm t/mm 5-1 5-2 5-3 P, /N
20 2 10 1.5 104.480 6 110.7827 123.389 4 112.884 2
300
x z = —i
2501 .
= experiment 1-1
—e— experiment 1-2
200 - —e— experiment 1-3
Z 150},
Qﬂ v v
100} s $ * 2 s
—o— experiment 5-1
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—v— experiment 5-3
0 I _ 1 _ | _ |
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/m
11 B S5 00 1 Je oy S 300 LG

Fig.11  Experimental comparison between upheaval buckling and lateral buckling
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Table 5 Experimental data in the cases of helical buckling

outer pipe inner pipe critical axial force
experiment series No.
D /mm t/mm D /mm t/mm P, /N
6-1 40 3 10 1.5 359.383 8
7-1 40 3 14 2 627.820 7
8-1 40 3 20 2 696.693 6
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Fig.15 von Mises stress contour of the buckling buried pipeline(unit: Pa)
®6 LRHE
Table 6 Experimental data
outer pipe inner pipe critical axial force P, /N the average value
D /mm ¢t /mm D /mm t/mm 1-1 1-2 1-3 P, /N
20 2 10 1.5 266.384 2 264.813 1 272.5653 267.920 8
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Fig.16  Comparison between model experiment and numerical

simulation of the verification pipelines
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Experimental Study and Numerical Simulation of
Global Buckling of Pipe-in-Pipe Systems

CHE Xiao-yu', DUAN Meng-lan""*, ZENG Xia-guang’,
GAO Pan', PANG Yi-qian'
(1. Department of Mechanics and Engineering Science, Fudan University,
Shanghai 200433, P.R.China;
2. College of Mechanical and Transportation Engineering,

China University of Petroleum-Beijing, Beijing 102249, P.R.China)

Abstract . Offshore pipelines are usually buried to avoid damage from fishing activities and get
thermal insulation. Provided that the pipelines are sufficiently confined in the lateral direction
by the passive resistance of the trench walls, they may be liable to upheaval buckling caused by
rise in axial force due to temperature changes or other factors. Unless lateral restraint is provid-
ed, by trenching the line, for example, lateral buckling will be dominant. The axial compressive
force is the primary cause of pipeline buckling. Lateral buckling takes place at a lower axial
compressive force than upheaval buckling. The complex structure of the pipe-in-pipe ( PIP) sys-
tem makes global buckling difficult to tackle by theoretical analysis. An experimental study of
the global buckling of pipelines was conducted by means of a small-scale model test apparatus.
Results were presented for several tests involving both the relationship between the axial force
and displacement and the critical axial force. Futhermore, the efficient finite element model
was used to simulate the pre-buckling and post-buckling states of the pipeline with the latest
tube-to-tube technology. The comparison shows that the numerical simulation results agree well
with the experimental ones.
Key words: pipe-in-pipe system; global buckling; critical axial force; model experiment; tube-
to-tube technology ; finite element
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