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Performance and crossover pressure of integral

buckle arrestors for offshore pipelines

XU Wanhai', PANG Tao', YAN Shuming”, LIU Qimin®, LI Guohui’
(1. State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China; 2. China
Petroleum Pipeline Engineering Corporation, Langfang 065000, China)

Abstract: Integral buckle arrestors can effectively suppress the buckling propagation of the submarine pipeline and avoid large-scale
buckling failure. In order to explore the buckle arresting characteristics of integral buckle arrestors and predict the crossover pressure, a
finite element model was established in ABAQUS. By analyzing the influence of integral buckle arrestors’ thickness, length, diameter-
thickness ratio and other parameters on the crossover pressure and crossover form, the buckle arresting characteristic of integral buckle
arrestor was revealed. Research results show that in parallel crossover stage, increasing the thickness and effective length of integral
buckle arrestors will effectively improve the crossover pressure. While in flipping crossover stage, the growth rate of crossover pressure
has slowed down. Based on the finite element data, the calculation formula of crossover pressure was obtained by fitting. Compared with
the existing empirical formula, this formula is more accurate in the comparison with the experimental results, and it has a guiding
significance for the design and construction of the integral buckle arrestors.
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Fig. 1 Integral buckle arrestor
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Tab. 1 Calculation formulas for crossover pressure of integral buckle arrestor
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Fig. 2 Finite element model Fig. 3 Model meshing and element types
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Tab. 2 Comparison of finite element simulation and experimental results

U= t/mm D/t h/t L/t o,/ MPa P, pxp/MPa Py ppn/MPa PR%E/ (%)
L1 2.202 23.10 1.84 11.55 299.8 14.27 15.04 5.4
L2 2.197 23.11 2.21 11.56 293.5 17.11 17.32 1.2
L3 2.202 23.06 2.32 11.53 286.6 15.68 16.24 3.6
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Tab. 3 Variation range of each parameter in parameter analysis
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Tab. 4 Model parameters and experimental results of Lee, et al'™*! and Park, et al'*?!
Sk i t/mm D/t h/t L/t o,/MPa o,/ MPa P,/MPa

K1 2.416 21.01 2.73 10.51 305.7 659 22.67

K2 2.416 21.01 2.41 10.51 305.7 659 21.68

K3 2.443 20.76 2.21 10.38 337.4 659 21.30

K4 2.443 20.75 2.05 10.37 337.4 659 22.51

Park %1 K5 2.433 20.83 1.90 10.41 337.4 659 18.50
K6 5.160 22.23 2.10 22.14 632.7 468.8 28.46

K7 5.190 22.11 2.10 27.53 648.4 468.8 30.49

K8 5.170 22.21 2.11 33.15 648.4 468.8 31.95

K9 5.190 22.10 2.12 44.05 648.4 468.8 33.86

L1 2.454 20.02 1.723 10.01 337.4 659 17.16

L2 2.591 19.60 1.571 9.80 271.7 659 15.47

L3 2.583 19.65 1.424 9.83 277.7 659 13.38

Lee 213 14 2.588 19.66 1.308 9.83 277.7 659 11.65
L5 2.200 23.09 1.708 11.55 299.8 659 11.57

L6 2.192 23.19 1.576 11.60 299.8 659 9.43

L7 2.205 23.03 1.982 11.52 299.8 659 16.43

L3 2.184 23.24 1.436 11.62 293.5 659 8.23

L9 2.187 23.25 2.111 11.63 293.5 659 16.68

L10 2.195 23.13 1.279 11.57 293.5 659 7.21

x5 FHESN P, HEESIKIEEIE
Tab. 5 Comparing the calculated values of crossover pressure P, with the experimental values

g RREEAREGARY B DNV B2 LeHART MR CPAR B
/MPa /MPa /(%) /MPa /(%) /MPa /(%) /MPa /(%)

K1 22.67 22.83 0.7 39.86 75.8 20.83 -8.1 21.30 -6.0
K2 21.68 21.31 -1.7 31.91 47.2 20.29 -6.4 20.58 -5.1
K3 21.30 22.47 5.5 28.45 33.6 21.88 2.7 22.08 3.7
K4 22.51 21.59 -4.1 25.02 11.2 20.45 -9.2 21.85 -2.9
K5 18.50 20.48 10.7 21.62 16.9 17.60 -4.9 18.95 2.4
K6 28.46 27.37 -3.8 25.01 -12.1 28.29 -0.6 28.55 0.3
K7 30.49 29.01 -4.9 27.61 -9.4 29.21 -4.2 29.56 -3.1
K8 31.95 29.35 -8.1 29.16 -8.7 29.16 -8.7 29.60 -7.4
K9 33.86 30.86 -8.9 32.29 -4.6 30.08 -11.2 30.70 -9.3
L1 17.16 21.64 26.1 20.55 19.8 16.85 -1.8 17.83 3.9
L2 15.47 19.05 23.1 17.98 16.2 13.82 -10.7 14.43 -6.7
L3 13.38 17.93 34.0 15.12 13.0 11.97 -10.5 12.31 -8.0
L4 11.65 17.08 46.6 13.13 12.7 10.75 =-7.7 10.94 -6.1
L5 11.57 13.45 16.2 13.05 12.8 10.42 -9.9 10.99 -5.0
L6 9.43 12.71 34.8 11.25 19.3 9.16 -2.9 9.53 1.1
L7 16.43 14.70 -10.5 17.06 3.8 13.37 -18.6 14.51 -11.7
L8 8.23 11.83 43.7 9.55 16.0 7.94 -3.5 8.15 -1.0
L9 16.68 14.61 -12.4 18.51 11.0 14.39 -13.7 15.82 -5.2
L10 7.21 11.25 56.0 8.08 12.1 7.02 -2.6 7.11 -1.4
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Fig. 13 Calibration of formula values and experiments
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