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Early warning analysis of high-risk environmental factors for ship mooring in ports
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Abstract: In response to the frequent occurrences of mooring line breakage accidents at global ports and the fact
that existing research often focuses on single hydrodynamic factors or relies on numerical simulations, making it
difficult to reveal the coupling effects of multiple hydrological factors on tension variation, a study is conducted
on the identification of sensitive factors for cable tension and environmental risk forecasting. The orthogonal
experimental design combined with range analysis and variance analysis is employed to screen environmental
factors highly sensitive to cable tension changes. A polynomial response model is constructed using MATLAB
software to fit the mathematical relationship between cable tension and key environmental factors, thereby
establishing an environmental risk forecasting model. The results indicate that wave factors exhibit higher
sensitivity to cable tension changes compared to current and wind conditions. The revealed influence laws of
combining wind and wave actions on the maximum tension of mooring lines under extreme once-in-a-century
current velocities superimpose with the most unfavorable flow directions. On the basis of this, an early warning
mechanism using critical tension thresholds is developed. The cable tension values predicted by this risk

forecasting model show an error within 10% compared to those simulated by the numerical model.
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Tab.1 Global port incidents and causes
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Tab.2 Upper and lower limit values of
environmental parameters
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Fig.2 Layout of mooring system
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Tab.3 Upper and lower limit values of angle parameters
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Tab.4 Orthogonal experiment design
g Ka/(mes™)  KUE/(°) FH/(m-s™") W) Pr/m IR A /s Pemi /() B g 7k ST AH /KN
1 4 0 0.1 0 0.3 3.0 0 100. 092 6
2 4 330 0.5 0 2.0 4.8 330 103.359 7
3 4 300 1.0 0 3.7 6.6 300 512.248 7
4 4 270 1.4 0 5.4 8.4 270 1 371.468 9
5 16 0 0.1 0 2.0 4.8 300 124. 115 1
6 16 330 0.5 0 0.3 3.0 270 107. 884 5
7 16 300 1.4 0 5.4 8.4 0 375.6215
8 16 270 1.4 0 3.7 6.6 330 184.269 6
9 28 0 0.5 0 3.7 8.4 0 274.514 5
10 28 330 0.1 0 5.4 6.6 330 286.715 4
11 28 300 1.4 0 0.3 4.8 300 126.192 9
12 28 270 1.0 0 2.0 3.0 270 108. 504 3
13 40 0 0.5 0 5.4 6.6 300 886. 860 1
14 40 330 0.1 0 3.7 8.4 270 994. 634 2
15 40 300 1.4 0 2.0 3.0 0 152.570 8
16 40 270 1.0 0 0.3 4.8 330 115. 656 3
17 4 0 1.4 180 0.3 8.4 330 116.479 7
18 4 330 1.0 180 2.0 6.6 0 131.911 1
19 4 300 0.5 180 3.7 4.8 270 298.470 3
20 4 270 0.1 180 5.4 3.0 300 100. 092 8
21 16 0 1.4 180 2.0 6.6 270 368.757 9
22 16 330 1.0 180 0.3 8.4 300 158.032 8
23 16 300 0.5 180 5.4 3.0 330 102. 820 3
24 16 270 0.1 180 3.7 4.8 0 123.158 7
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25 28 0 1.0 180 3.7 3.0 330 122.070 2
26 28 330 1.4 180 5.4 4.8 0 176.427 5
27 28 300 0.1 180 0.3 6.6 270 134.900 3
28 28 270 0.5 180 2.0 8.4 300 416.481 1
29 40 0 1.0 180 5.4 4.8 270 605.724 1
30 40 330 1.4 180 3.7 3.0 300 167.740 6
31 40 300 0.1 180 2.0 8.4 330 261.957 3
32 40 270 0.5 180 0.3 6.6 0 113.375 8
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Tab.5 Range analysis results of orthogonal experiment
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Tab. 6 Variance analysis for orthogonal experiments
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KUk 37 805. 700 671 710 3 12 601. 900 223 904 0. 368 0.778
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Tab.7 Influence verification results of flow current fluctuations within port areas on cable tension forces

WId  KiE/(m-s™) Ma /() Wi/ (m-s™) W) WE/mo BIREs Bemfase) EAEE SALEENI N
1 6 75 0.1 180 0.3 3.5 330 100. 092 7
2 6 75 0.1 0 0.3 3.5 330 100. 092 7
3 6 75 1.4 180 0.3 3.5 330 101.200 0
4 6 75 1.4 0 0.3 3.5 330 104.290 2
5 40 75 0.1 180 5.4 8.4 330 790.957 0
6 40 75 0.1 0 5.4 8.4 330 791. 046 7
7 40 75 1.4 180 5.4 8.4 330 785.201 1
8 40 75 1.4 0 5.4 8.4 330 797.417 4
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Tab.8 Comparison of calculation results between numerical

model and fitting model

(ﬁfg Tf’ BWEAN  WAEAN  250%
4.00 360. 00 104. 009 388 5 104. 809 656 3 0.76
4.00 330. 00 104. 128 174 6 104. 720 609 3 0.57
4.00 300. 00 103.893 729 0 100. 170 568 3 3.72
4.00 270. 00 103. 645 413 0 105.949 971 3 2.18
13.00 360. 00 109. 180 989 4 108. 024 151 9 1.07
13. 00 330. 00 110. 362 045 2 112.709 800 3 2.08
13.00 300. 00 107. 868 023 9 106. 800 324 7 1. 00
13. 00 270. 00 105. 192 066 3 105. 086 163 0 0.10
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22.00 360.00 120.315 1446  118.603 260 0 1.44
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Tab.9 Polynomial coefficients for mooring line tension
limited value varying with wind parameters under different
wave conditions
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Fig.3 Response surface and contour maps of cable tension
under regular and extreme wave conditions
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Fig. 4 Surface and contour map of maximum mooring line tension under different wave direction angles in
regular wind conditions
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Tab. 10 Polynomial coefficients for mooring line tension limited value varying with
significant wave height and wave period under different wave direction angles under regular wind condition
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Fig. 5 Surface and contour plots of the maximum mooring line tension under different wave direction angles
during extreme wind conditions
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Tab. 11 Polynomial coefficients for mooring line tension limited value varying with significant wave height and wave
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