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Abstract — Stranding incidents are considered one of the most hazardous types of marine accidents, potentially
leading to severe environmental pollution and significant economic losses. Consequently, the freeing of grounded
vessels is crucial for ensuring safety, and the development of a scientific support systems for the freeing operations
is needed. In this study, a method for estimating the freeing force of grounded ships has been developed using
hydrostatic data (hydrostatic table, Bonjean table, cross-curve table). The method was designed to account for vari-
ous grounding scenarios, including tidal changes and weight adjustments. The developed method was compared
with results obtained from the commercial software HECSALV (Herbert-ABS[2024]) and precise agreement was
obtained. Additionally, model tests were conducted at the Deep Ocean Engineering Basin(DOEB) of Korea Research
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Institute of Ships and Ocean Engineering(KRISO) in Busan, in which the ground reaction forces were analyzed for
various combinations of water depth, grounding location, and weight distribution. Through these verification works,
the effectiveness and reliability of the developed method were confirmed. Finally, this study proposed a modified
formula that incorporates effects of heeling motion through investigation the ground reaction force estimation for-
mula from the representative salvage analysis reference, the Salvage Manual (U.S. Navy[2013]).

Keywords: Stranded Ship(¥}% A18}), Freeing Force(©] % %), Ground Reaction Force(X] ¥FR12]), Model Test
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Fig. 1. Schematic diagram of force acting in a single-point grounding situation.



BPA P S T3 AS AT 215

Fig. 2. Schematic diagram of heeling moment from liquid cargo free-surface effect.
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TCG from CL [m] 0 -
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water depth [m] 15.50 15.43 0.45%
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Fig. 10. Preparation tank and hydraulic lift of Deep Ocean Engineering Basin.

Table 2. Principle dimensions of test model

Small tanker, modified from

Item Unit KVLCC2 Model Notes
Scale [-] 50
LBP [m] 100 2.0
Breadth [m] 18.13 0.3625
Draft [m] 6.5 0.13
Displacement volume [m?] 9,540 0.0763
Weight [ton, kg] 9,540 ton 76.3 kg
LCG from AP [m] 53.48 1.0696
VCG from Baseline [m] 5.813 0.1163
LCF from AP [m] 50.02 1.0004
GM; [m] 1.8 0.036
GM,, [m] 118.11 2.3623 based on LCF
Ixx [m] 7.25 0.145
Iyy [m] 25 0.5
Izz [m] 25 0.5
T [sec] 11.65 1.6480
TPC [ton/cm] 16.35 -
w-GM;
MTC [ton.m/cm] 112.68 - MTC = 100-LBP
MHC [ton.m/cm] 9.474 - mrc = X GM

" 100-LBP
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Fig. 11. Photos of model ship setup.
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Fig. 12. Grounding position and adjustment of model ship bottom.

Fig. 13. Setup freeing force test in the preparation tank.
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Table 3. Comparison of ship attitude and ground reaction force: grounded at 18st

Item Unit Model Test Calculated Diff.
Ground reaction point, x from AP [m] 90 -
Ground reaction point, y from CL [m] 0 -
. Ground reaction point, water depth [m] 4.55 -
Given Data
LCG from AP [m] 53.48 -
TCG from CL [m] 0 -
VCG from BL [m] 5.8125 -
Weight [ton] - 9558.2 -
Displacement [ton] - 8584.9 -
LCB from AP [m] - 49.23 -
TCB from CL [m] - 0 -
Calculated, VCB from BL [m] - 3.17 -
Measured data Draft at AP [m] 7.643 7.595 0.63%
Draft at FP [m] 4.206 4212 -0.13%
Trim [deg] -1.968 -1.938 -1.55%
Heel [deg] 0.525 0 -
Ground reaction [ton] 950.9 973.4 2.36%

» Model Test

» Numerical analysis

XZ-plane (y = 0m)

YZ-plane (x =90m)
10 —

110 105 130 95 920 85 80 75 70 65 60 55 50 45 40

——t

35

Fig. 14. Ship attitude in model test and numerical analysis: grounded at 18st.
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Table 4. Comparison of ship attitude and ground reaction force: grounded at 16st
Item Unit Model Test Calculated Diff.
Ground reaction point, x from AP [m] 80 -
Ground reaction point, y from CL [m] 3.625 -
. Ground reaction point, water depth [m] 43 -
Given Data
LCG from AP [m] 53.48 -
TCG from CL [m] 0 -
VCG from BL [m] 5.8125 -
Weight [ton] - 9558.2 -
Displacement [ton] - 8710.0 -
LCB from AP [m] - 50.83 -
TCB from CL [m] - -1.12 -
Calculated, VCB from BL [m] - 3.29 R
Measured data Draft at AP [m] 7.022 7.063 0.57%
Draft at FP [m] 4.702 4.890 4.00%
Trim [deg] -1.329 -1.245 -6.35%
Heel [deg] 13.432 13.87 3.26%
Ground reaction [ton] 855.7 848.2 -0.87%
» Model Test
» Numerical analysis
o
1 —
5 5
r//%
110 105 190 95 90 ::O‘ 75 70 65 60 55 50 45 40 35 30 25 20 15 10 S . -5 -10 -15 - \ ;’AS/%) 15

Fig. 15. Ship attitude in model test and numerical analysis: grounded at
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Table 5. Comparison of ship attitude and ground reaction force: grounded at 6st

2 - o)%55

Item Unit Model Test Calculated Diff.
Ground reaction point, x from AP [m] 30 -
Ground reaction point, y from CL [m] -3.625 -
. Ground reaction point, water depth [m] 4.9 -
Given Data
LCG from AP [m] 53.48 -
TCG from CL [m] 0 -
VCG from BL [m] 5.8125 -
Weight [ton] - 9558.2 -
Displacement [ton] - 8835.4 -
LCB from AP [m] - 55.45 -
TCB from CL [m] - 0.91 -
Calculated, VCB from BL [m] - 3.27 -
Measured data Draft at AP [m] 5.180 5.300 2.31%
Draft at FP [m] 6.946 6.758 2.71%
Trim [deg] 1.012 0.836 -17.37%
Heel [deg] -12.596 -11.491 -8.77%
Ground reaction [ton] 740.0 722.8 -2.32%

» Model Test

» Numerical analysis

XZ-plane (y =-3.625m)

YZ-plane (x =30m)
10 ~—

110 105 1 95 90 85 80 75 70 65 60 55 50 45 40 35 30

Fig. 16. Ship attitude in model test and numerical analysis: grounded at 6st.
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Fig. 17. Comparison of attitude and ground reaction by water depth: grounded at 18st.
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