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Simplified model for upper bound method to analyze horizontal bearing
capacity of torpedo anchors

YU Lu, YANG Qing, ZHANG Jin-li, YANG Gang
(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116023, China)

Abstract: The bearing capacity of torpedo anchors is the major concern for the marine industry. In this study, a simple model is
proposed to calculate their horizontal bearing capacity based on the upper-bound limit analysis of plasticity. The horizontal
bearing factor, N, ,,, = f(5,,L;/D,,), is obtained considering the influences of aspect ratio of torpedo anchor fluke( L;/D,, )
and soil strength (s, ) by using the finite element method (FEM), and it is applied in the simple model. The analytic results of
the simple model are verified through the comparative study with FEM and de’Sousa results. It is found that: (1) When the
rotation center position is lower than the fluke of torpedo anchors, the rotation center position is close to the anchor tip by
reducing fluke width or fluke length. (2) When the fluke length is larger than 1/2 length of torpedo anchors, compared with that
by increasing the fluke length, the bearing capacity is obviously improved by increasing the fluke width. It is helpful for the

optimization design of torpedo anchor shape.
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Fig. 1 Horizontal loads on a torpedo anchor
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Fig. 2 Horizontal loading diagram of a torpedo anchor
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Fig. 3 Flow chart for calculating horizontal capacity factor
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Table 1 Sizes of torpedo anchor

.- L HK HIER iRk HIEE MR LSS K& miR
M MY T m D/m L/m #m  W.m  L/m Ly/m Lp/m Ls/m LD, Afm’

W-0 12 0.96 1.82 0.1 1.91 592 0.438 3.84 1.6 124 7457

W-1 12 0.96 1.82 0.1 1.44 592 0.48 3.84 1.6 1.54  56.22

WA W2 12 0.96 1.82 0.1 0.83 5.92 0.48 3.84 1.6 226 3240
W-3 12 0.96 1.82 0.1 0.45 592 0.48 3.84 1.6 3.18 17.57

W-4 12 0.96 1.82 0.1 0.39 592 0.48 3.84 1.6 340 1523

N-0 12 0.96 1.82 0.1 0.90 939 048 7.31 1.6 340  60.12

N-1 12 0.96 1.82 0.1 0.90 8.85  0.48 6.77 1.6 3.21 56.23

N - F4H N2 12 0.96 1.82 0.1 0.90 6.15 0.48 4.97 1.6 2.23 36.79
N-3 12 0.96 1.82 0.1 0.90 435 048 4.07 1.6 1.58  23.83

N-4 12 0.96 1.82 0.1 0.90 345  0.48 3.17 1.6 1.25 17.35

T-0 12 0.96 1.82 0.1 1.16 592 0.438 3.84 1.6 1.81 4529

U Gl T-1 12 0.96 1.82 0.1 0.65 592 0.48 3.84 1.6 2.63 2538
T2 12 0.96 1.82 0.1 0.90 7.05  0.48 0.68 1.6 2.55 4327

T-3 12 0.96 1.82 0.1 0.90 525  0.48 2.27 1.6 1.90  30.31
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Fig. 4 Schematic diagram of torpedo anchors
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Table 2 Comparison of horizontal capacity between FEM results

and analytical solutions

s.=10 kPa sy=1z kPa

W HUEM WV 2 BdEM mirm EE
iyl /KN /KN 1% /KN /KN 1%

W-0 203270 205442 -1.07 180692 1847.86  2.27
W-1  1766.03 1755.14 —-0.62 1556.13 1563.07  0.45
W-2 131134 1309.16 -0.17 115411 1172.85  1.62
W-3 100055 97532 -2.52 88276 900.09  1.96
W-4 95870  917.55 -429 84342 84772 0.5l
N-0 142092 1416.60 —0.30 1283.30 1265.55 -1.38
N-1  1410.73 1404.80 -0.42 127823 1269.89 -0.65
N-2 139533 137729 -1.29 123293 123557 0.21

N-3 128538 121569 -5.42 1069.06 1068.05 -0.09
N-4 115328 1087.87 -5.67 940.64 95043  1.04
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Fig. 11 Relationship between horizontal capacity and U/D
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Table 3 Comparison of horizontal capacity between FEM results and analytical solutions of simplified models of torpedo anchors

T REE 5,=10 kPa 5,=50 kPa s,=1z kPa 5,=5z kPa
BN HiEME W EE BEM MM E=E HEWm Whm EE fEM M Z2E
iR v /KN /KN /% /kN /kN /% /kN /kN /% /KN /kN 1%
T-1 1563.49 1575.16 0.75 7817.46 7769.07 -0.62 1381.69 1387.07 0.39 6178.64 6142.38 —0.59
T-2 1168.06 1178.48 0.89 5840.32 5800.86 -0.68 1025.47 1052.09 2.59 4673.03 4652.62 -0.44
T-3 1401.44 1414.52 0.93 7007.22 6973.86 -0.48 1270.51 1277.19 0.52 5576.40 5651.63 1.35
T-4 1350.36  1327.22 -1.71 6751.79 6541.69 -3.11 1150.69 1164.11 1.17 5303.29 515294 -2.83
% 4 De Sousa HF WA R 5L IERRITAREL4E
Table 4 Comparison between de’sousa FEM results and analytical solutions of simplified model
AR HER BT B K D iz Rl HUH AR FEAT R ZiE
BT /m /m /m v /m /MN /MN 1%
1.1 0.15 11.1 7.93 12.76 6.7 6.86 2.39
sy=3z kPa 1.1 0.45 11.1 5.55 11.96 8.91 8.95 0.45
1.1 0.9 11.1 3.83 10.61 11.72 11.84 1.02
s.=1.5z kPa 1.1 0.9 11.1 3.83 10.61 5.9 5.94 0.68
5,=6z kPa 1.1 0.9 11.1 3.83 10.61 20.98 19.88 5.24
i LpTiR, BEUKTF AP RS LR EM Ak (s, =10 kPa, 50 kPa ) 1 1E # [ 45 + 1k
L /D, MR ANWT: (s, =1z kPa, 5z kPa H [ 50 F 7 1 7 10 455 3 A A Ak
12.97 AT, SR WIER 3 Fon, T-1~T-4 $E 45 516
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a2 (k=0 AT AR LR A7,
0.6 y De Souse 25U FHUE 7 BT 78 T 43501, +
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