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Safety Assessment and Analysis of Suspended Bimetallic
Composite Pipes under Alternating Loads

Q1 Changxin  Zhou Chuanxi  Guan Feng Zhu Encheng Chen Yihong
(School of Mechanical Engineering , Yangtze University)

Abstract: Bimetallic composite pipes (BCPs) laid on the seabed tend to form suspended span sections due to
wave-current scouring, topographic changes and internal stresses. Alternating loads such as ocean currents can
induce continuous vibration of the suspended pipeline sections, possibly leading to structural fatigue or even tailure
under long-term vibration. This seriously threatens the sate and stable operation of the pipeline. In this paper, a
forming model of BCP was established using the tinite element software and validated. The intluences of key param-
eters such as different boundary conditions, ocean current velocity and suspended span length on the mechanical
behavior of the suspended BCP were investigated, and the distribution of Mises stress in the inner pipe and the

variation of residual contact pressure between the inner and outer pipes were analyzed. The structural satety of the
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suspended BCP was evaluated in view of stress levels and interfacial bonding states. The results show that the maxi-
mum Mises stress of the inner pipe and the interlayer residual contact pressure of the suspended BCP are greatly
affected by boundary conditions and suspended span length, and vary nonlinearly with an extending suspended

span. Alternating loads such as ocean currents cause fluctuations in both parameters, and the higher the current

velocity, the greater the tluctuation amplitude. Long-term vibration tends to induce fatigue of the inner pipe and
degradation of the interlayer bonding force, endangering pipeline satety. In the case of the maximum current veloc-
ity, the maximum Mises stress should be taken as the evaluation index for short suspended spans, while the
residual contact pressure is more appropriate for long suspended spans. Overall, the interlayer residual contact
pressure 1s more suitable for evaluating the safety ot suspended BCP sections under alternating loads. The research
results provide a basis for the safety assessment of suspended BCPs.

Keywords: subsea oil and gas pipeline; bimetallic composite pipe; suspended span; wave-current load;

Mises stress; residual contact pressure ; safety assessment
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Table 1 Geometric dimensions and material parameters of BCPs

BHE O MR BE BB wEREs JRIREEE AN

A3 5] mm mm kl GPa MPa L,
HNE 3236 14.3 22.6 206 465 0.3
NE  293.0 3.0 77 193 265 0.3

NAME Lok A BRI 82 07 =0, iR e e fih, DI
] K25 SRR T RYRZ IR o RS A R 01 Ol an 1 2
FIT7R

N E LA NI R, 258 NP
JUAR Y 7 Vi [ 18 ORS BRI 3 264, 1B I
IR ] %t "'i%”? IR i) ZF- 1T S5 T '8
B 7 ] 1Y

UK

H2 HA%RRAEMMRNERSHE
Fig. 2 Meshing in finite element simulation for BCPs
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Table 2 Recommended coefficients of environmental

loads related to pipelines

Re G ¢
Re<5%10° 1.3 1.5
5%10*<Re<1x10° 1.2 1.0
1X10°<Re<2.5%x10° 1.53—Re/(3%10°) 1.2-Re/(5%10°)
2.5X10°<Re<5%10° 0.7 0.7
5%10°<Re 0.7 0.7
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Fig. 12 Periodic variation of residual contact pressure

with current velocity
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Fig. 13 Dimensionless coefficient vs. suspended span

length in cases of boundary conditions
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