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Research on the application of the CEL method in anchor penetration depth

Bai Xiang’ en'”, Wang Chenyang', Duchen Tianjiao”, Xu Xiaofeng', Chen Yanzhen®, Meng Xiangqi'
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Abstract: Emergency anchoring operations pose a serious threat to the safety of subsea pipelines. Existing empirical
formulas and theoretical models often show limited adaptability under complex geological conditions, particularly in
characterizing the nonlinear evolution of soil strength during high-velocity penetration. To address this problem, this study
takes the Hall anchor, which is widely used on merchant ships, as the research object and investigates the penetration
behavior of ship emergency anchoring under static conditions using the Coupled Eulerian-Lagrangian ( CEL) method. The
Mohr-Coulomb constitutive model and the Einav strain-rate softening relationship are introduced to describe the dynamic
degradation of soil strength. The anchor-soil contact interface is treated using the penalty function method, and an Eulerian
domain with 586 000 elements is determined through a mesh convergence test. Taking the muddy clay in the waters of an
offshore wind farm as the engineering background, the maximum penetration depths of emergency anchoring for a 20 000 GT

LPG carrier and a 50 000 DWT oil tanker are calculated to be 2. 908 m and 3. 033 m, respectively. Compared with the
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DNV energy method and Young’s formula, the proposed method can better reflect soil heterogeneity and large-deformation

characteristics. The simulation results are further compared with experimental data, showing maximum errors of 13. 1% in

penetration depth and 16. 1% in bottom-impact velocity, both of which are within the acceptable range for engineering

applications. The results indicate that the proposed method has high reliability and is consistent with engineering practice,

providing theoretical and technical support for subsea pipeline design, route planning, and anchoring risk control.

Key words: waterway transportation; anchor penetration; finite element analysis
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Fig.1 Geometric structure diagram of Hall anchor
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Tab.1 Dimensions and parameters of Hall anchor
TR R )/ mm
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H h h, L L, B B, H, 1 J
8 700 3 355 1816 399 2 585 1816 1 007 1195 540 391 117
9 300 3430 1 857 408 2 643 1857 1030 1222 580 418 124
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Fig.2 Schematic diagram of seabed soil and anchor boundary

condition setup for anchor dropping CEL model
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Fig.4 Schematic diagram of mesh generation for seabed soil

and anchor in anchor dropping CEL model
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Fig.6  Verification of anchor dropping penetration model
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Tab.2 Parameters of anchoring experiment

\ Vor! ‘ WEEHES o/ BES e/ ki i o/
BRI . N e B M/t
(kN - m’) () (kPa) (m/s)
T, 2.56
T, 15 0.38 32 0 5.7 3.04
T, 3.52
T, 17 0.38 32 0 3.4 5.60
T, 19 0.49 10 14 6.0 6.00
T 17 0.30 0 5 2.0 6.00
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Tab.3 Calculation conditions for bottom-touching velocity
I '5 1 2 3 4 6 7 8 9 10
M./t 17.8 17.8 16. 1 16. 1 6. 84 6. 84 6. 84 1.26 1. 26
A/m’ 3.5 3.5 3.3 3.3 3.3 1.90 1.90 1.90 0. 60 0.6
H,/m 6.3 5.0 5.0 2.5 6.50 3.40 0 1. 60 0
h/m 19.5 19.5 17.2 17.2 17.2 17.00 17.00 17.00 17.70 17.70
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Tab.4 Characteristics of seabed soil in the engineering waters
TARERT  RARERE / (KN/m’) HH G, fLBRE € THFALE iR I1 ¢/kPa NEESES ¢/ ()
BUE 17.00 2.74 1.47 0.48 10. 70 7.70
%5 TESEHRERIRTRASSH
Tab.5 Dimensions of representative ship types and water area parameters in the engineer in sea area
fULE 2 5 A, A, B, C,
B R A 273 GT LPG fi 277 GT LPG i 5 T3 MR 5 T3 M
BEK L/m 180 180 229 229
1 %s B/m 28.4 28.4 32.2 32.2
IR H/m 18.0 18.0 19.1 19.1
W2 K T/m 10.9 10.9 12.8 12.8
iR BEIR A B IR A PR IR
M/t 8.7 8.7 9.3 9.3
HiBE BA%/mm 84 84 84 84
FEE K/ m 632.5 632.5 660 660
IiEL E/ (kg/m) 154 154 154 154
FEERAAIIR E/ (kg/m) 134.4 134.4 134.4 134.4
LB B AR (m, 85 F ) -13.8 -13.8 -15.6 -15.1
v/(m/s) 10.6 10.72 10.58 10.62
ik B IREEARY AR R

FETE UTE A, F0A, < SRR ) 52 R AR 2R T 3 100 m® R 00 1 870 m? 1) 52 KA AR R AR T8 824 m® 2 T 604
m” s ST B /N ALK TR : AT 15,79 m, WA LI 11,70 m AU s 9 097 55 Bt K8 15,79 m, AR 55 Btk 11,70 m,
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f/NEMUK R : RECT 00 17.59 m, B8 T8 13. 50 m; s & 3 LS PRK TR 17. 59 m, RAAE 52 PRk 13,50 mo fiitil C, - A
) 52 XU AR 28 00 2 830 m? i3 T8 1 690 m® Y 52 MU FAFE AL .00 734 m® 368 100 548 m” s A 9T o5 Je/ NS A /K
TR RO 17.09 m, W T00 13,00 m fff 1855 31 (62 52 BroK B 17. 09 m I A7 55 K 13,00 m
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Fig. 10 Variation of anchor dropping penetration depth under

working conditions from A, to C,
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Anchor dropping penetration acceleration response

under working conditions from A, to C,
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Fig. 13 Influence of bottom-touching angle on

penetration depth
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Fig. 15  Anchor weight-penetration depth fitting curve
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Tab.6 Value ranges of various factors
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Tab.8 Sensitivity analysis results of anchor weight
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Tab.7 Sensitivity analysis results of bottom

contact angle
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Tab.9 Sensitivity analysis results of anchor bottom

contact velocity
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Tab.10 Range analysis results of multi-factor sensitivity
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