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Abstract: In order to predict the damage of submarine pipeline on saturated clay seabed by falling objects, a dynamic finite
element model of interaction between saturated clay seabed and submarine pipeline under the impact of falling objects was
established. The influence of six parameters, namely, energy of falling objects, diameter of the pipeline, wall thickness, grade
of the steel material, internal pressure, and undrained shear strength of seabed soil on the damage of the submarine pipeline
was analyzed by combining with the range of changes of the actual working conditions of the submarine pipeline. Taking the six
parameters as input parameters, the damage of pipeline as output parameters, and the numerical simulation results as training
samples, a BP neural network model for submarine pipeline damage prediction was constructed through learning and training.
The results show that the larger the impact energy of the falling object is, the larger the pipeline damage is, and the pipeline
damage growth rate tends to slow down with the increase in the impact energy of the falling object. The increase in pipeline
diameter, wall thickness, internal pressure, and the pipeline yield strength leads to a decrease in the pipeline damage. The
saturated soil undrained shear strength increases, while pipe damage increases. The established BP neural network prediction
model for submarine pipe damage needs only six parameters, namely, falling object impact energy, pipe diameter, wall
thickness, steel grade, internal pressure and undrained shear strength of seabed soil. It is simple and convenient, and can
better predict the damage of submarine pipeline impacted by falling objects in saturated clay seabed. The numerical examples
cover the working conditions of common saturated clay seabed submarine pipelines, so the model has good applicability, which

provides new ideas for the prediction of submarine pipeline damage.

Keywords: ocean engineering; submarine pipe damage; falling object impact; BP neural network; predictive model; saturated

clay seabed; undrained shear strength
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Fig.1 Finite element model of subsea pipe striked by falling object
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Fig. 2 Diagram of pipe damage
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Fig. 6 Numerical simulation to validate the model
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Fig. 7 Comparison between the numerical results in this

paper and the results of the DNV formula
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Tab.1 Falling object impact calculation program for submarine pipelines
(P e— L o — _MRER B i B/
HRFE B HAZ/m BIHEREE /mm  FEE R E/MPa HENE/MPa AHEKBUBT R EE / kPa
1—5 0.7 23 450 0 10
6—10 0.75 23 450 0 10
11—15 0.8 23 450 0 10
16—20 0. 85 23 450 0 10
21—25 0.9 23 450 0 10
26—30 0.9 19 450 0 10
31—35 0.9 20 450 0 10
36—40 0.9 21 450 0 10
41—45 0.9 22 450 0 10
46—50 0.9 23 370 0 10 SRRl 42.5.75. 5.
51—55 0.9 23 400 0 10
56—60 0.9 23 480 0 10 118, 170, 197.5
61—65 0.9 23 520 0 10
66—70 0.9 23 450 3 10
71—75 0.9 23 450 6 10
76—80 0.9 23 450 9 10
81—85 0.9 23 450 12 10
86—90 0.9 23 450 0 20
91—95 0.9 23 450 0 30
96—100 0.9 23 450 0 40
101—105 0.9 23 450 0 50
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Tab. 2 With documents [16] submarine pipeline impact model validation case

A SCHRL16 B (B2 R S 22 5 B L
XHROI6IRD e ik /L — o 4 R0 22/ 6
A/ % 45 S L0 %
1 12.3 4.74 5.14 8. 44
2 13.6 4.78 5.23 9.41
3 16.1 6.28 6.35 1.11
4 18.5 6.46 6. 48 0. 31
5 20 6.95 7.22 3.88
6 24.6 8.13 8.4 3.32
7 30.4 10.76 10. 98 2.04
8 37.7 11.5 11.75 2.17
9 30.5 9.82 10. 23 4.18
10 9.4 3.26 3.51 7.67
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TERIE A Y o o | S A T RS A I . AR SC A SCHER (32 ] AR 45 SR P R B 10 ZH AR S AR SO R 25 ) 4% R R Yy
YUFEF] L 10 BB RANE 3 Fiw . RBIEE G0 EZESEUT O K A HEK P58 B R 10 kPa, + 1
PP i 5 MPa, 45 18 8 IR 98 B2 R 450 MPa, & B TN k.
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Tab.3 With documents [32] submarine pipeline impact model validation case

SCHRTS2BMOAAEL A SO 2 1o 25 A5 700 Tt )

. . N R W :
SCIRC32E B FEER/m FIEEEE/m YR RE R/ k] P— T R 22/ %

1 0.8 0.021 10 0.28 0.31 9.68

2 0.8 0.021 302.5 13.12 14.21 7.67

3 0.9 0.021 10 0.24 0.26 7.69

4 0.9 0.021 62.5 2.81 3.12 9.94

5 0.9 0.021 160 7.52 7.93 5.17

6 0.9 0.021 302.5 12.19 13.13 7.16

7 1 0.021 10 0.16 0.17 5.88

8 1 0.017 62.5 2.78 3.03 8.25

9 1 0.019 160 7.34 7.65 4.05

10 1 0.021 302.5 11. 62 12. 86 9. 64
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