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% Key Terminologies
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B aCkground MV Wakashio oil spill
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% Ship Grounding can cause

O Contamination of marine
habitats,

O Disruption of traffic flow,
O Serious ship damages, and
O Loss of human life

% Grounding accidents pose
significant safety risks

% Grounding accidents are frequent
while navigating in confined and
shallow waters.

Page 4

© seanews

©-cbsnews

\ Ever Given
|\ Suez Canal




Technical failure I [ I l I I
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Ship Accident Database
Baltic Marine Environment Protection Commission =~
(Helsinki Commission - HELCOM)
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% Ship accidents tend to persist despite
regulatory advancements.

+ Risks associated with accidental events
should be reduced to improve maritime
safety

% To mitigate grounding risks and enhance
ship safety rapid time-domain
multiphysics models are required
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Accident statistics in Baltic Sea from 2000-2018,
data from (HELCOM — Helsinki Commission, 2021)



Research challenges

% High computational time
% No evasive ship dynamics
% Most models are decoupled

% Existing models are not feasible for
crashworthiness, evasive and probabilistic

assessment.

% The damage extents dataset of passenger
vessel grounding is limited

o

Aims

Develop a computationally efficient and
accurate ship grounding assessment
method that combines ship dynamics with
structural deformation under realistic
operational conditions. And populates the
passenger vessel damage statistics.
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Summary of ship grounding assessment methods

Internal : Shij
] External Mechanics | Vessel Types (Shioh

Simonsen (1997)
Matusiak and Varsta (2002)
Nguyen et al. (2011)

Hong and Amdahl (2012)
Abubakar and Dow (2013)
Heinvee and Tabri (2015)
Zeng et al. (2016)

Yu and Amdahl, (2016)

Yu et al. (2016)

Lee et al. (2017, 2013)

Authors

Song and Hu (2017)
Calle et al. (2017)
Prabowo et al. (z020)

Liu et al. (2021)
Brubak et al. (2021)

Kim et al. (2021, 2020)
Kim et al. (2022a)

Kim et al. (2022b)*
Taimuri et al. (2022a, 2022b

Key features




Methodology

Vol 215 1 Noversber 2020 155N 0029.8018

OCEAN

ENGINEERING

N A
B |

a«

P-111
AP S

Page 7

y 4
y 4

N e

External
Mechanics
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+ 6-DoF Maneuvering

#Deep sea

#Shallow water
#>Shortwaves

Interface
Fluid Structure
Interaction

Y

Output

Contact forces, penetration
depth, deformation energy,

damage extents,
ship motions, and

structural eomponent foreces

Quantitative
Risk
Assessment

Internal
Mechanics

Y

* Deformation mechanism
#Plastic bending
»Membrane stretching
>Friction
»Fracture

* Structural component
#Bottom plates
»>Floors
»Stiffeners
#Bulkheads
»Girders

» Damage stability

» Environmental aspects

» Maximum structural
resistance force and
ship motions




External Mechanics

v' Mathematical modelling of 6-DoF
Maneuvering model

v Consideration of deep sea, shallow sea, calm
water, short waves, wind and ocean currents

v" Single and twin-screw vessel

v A Reference technique to account
hydrodynamic derivatives of twin screw vessel.

v' Modelling of out of the plane motions (Heave,
Roll and Pitch)

Reference technique

Internal
Mechanics

“ Deformation mechanism

Interface
Fluid Structure

> Damage stability.
> Envi pects

> Maximum structural
i d

ship motions J

Input details (ship, rudder, propeller, and resistance)

Vessel Parameters

Rudder Propeller Resistance Curve

1

Shortwaves response curve

Ship
hydrodynamics

Shallow water

—>

effects

Shallow water

( /Il{nse in Resistance, ]
Added masses and Damping E
u

6-DOF Maneuvering Mathematical Model
[Inertia] = | Coriolis & Centripetal] + [Restoring]
+ [Damping] + [Control] + [Environmental]
Runge-Kutta 4% Order Numerical
Integration of the Equation of Motion

v

+ Shipyard
Ret. Simulaticn|
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Internal Mechanics N\

v" Motion dependent structural failure P
model (Redefinition of plate tearing R _ 7
angle 0) g -

v" Consideration of general arrangement /M \\ &
of bottom structure and major T
components (plate, beam ,bulkhead, s
etc...) T

o
9 Plate Spliting/Tearing angle

5 Rock displacement into the hull

6 = 43.2386° 6 = 48.5151°
R=2 m, H=2 m, V=5.24 m/s R=2 m, H=2 m, V=5.02 m/s

> Damage stability.
s

resistance force and anghAT 5688

ship motions j 5& e

6 = 41.5668° 6 = 34.1735°

R=2 m, H=2 m, V=4.44 m/s R=2 m, H=2 m, V=4.23 m/s



Contact coupling (Interface)
v" Require hull panels, rock tip, ship location and motions.
v" Hull panel stored in sub-block for rapid search of rock tip.

v Implementation of ray-tracing algorithm to identify penetration

‘ | [) Relative e)Searching for
\dhpld(‘(‘!n( ntis outpul the panels and
[t intersection is rock intersection
: fOU“d in the sub-block
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W, _containing rock. =
: j d) Identification of the
sub block containing

rock tip (Gy, Gy, G,)
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a) Cartesian
sub-blocks grid ) Storlng Of :
generation  panel ids into ¢) Rock tip =

3D sub-blocks hecified as a point




Probablhty of Ship Operating Condition Before Grounding

Probabilistic Damage Extent

v" Use of the rapid FSI model
Monte Carlo Simulation

v" Performed Monte Carlo simulations to generate the ship
Rapid FSI model

operating parameters and conical rock profile. pid FS
Numerical Simulation of a 6-DOF Two-
way Coupled FSI Ship Grounding Model
er Realistic Operating Conditions
«Passenger Vessel comprising of
different Structural Arrangement
Subdivision

Rock Tip Radius (m) "Sea Depth (m)’

v" In an event of grounding the method determines:
O extents of actual damage,
U the maximum resistance force of structure,
O the maximum attained ship motions, and
O Attained subdivision index e

Impact loads
and Structural
deformation

Generation of Damage Extent from Deterministic Coupled Maneuvering and
structural deformation model

Ly Longl(udma] Dam (m) ! iatcra Jam (m L, Vertical Dam (m)

Classification ofDamage rooms P-factor

SOLAS
Survivability
Assessment
S-factor
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Results

v" Reasonable estimates of trajectories and ship motions.

v" CFD or Experiment hydrodynamic coefficient are more accurate.

v" Reference technique is best choice for the initial estimation of TPTR vessel

maneuvering.

v" Under shortwaves conditions Sway velocities, are little overestimated.

v Ship motion dependent plate tearing angle outperforms the simplified

technique of constant plate tearing angle

v LSDYNA-MCOL results matched reasonably well against rapid FSI model.

Advance 7
-— .

DTC Head waves maneuver

IE

@ Experiments

- @ 6-DoF Simulation
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v Some LIMITATIONS observed in FSI model when simulating real ship topology:

O Overestimation of vertical force near bulbous bow and
curved regions

O Underestimation of Lateral force when rock is fastened
between two longitudinal girders.
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v Mean damage length output from the rapid
FSI method is 55% larger than the
historical database of EMSA

v/ Damage breadth and penetration from FSI
model is 30% and 25% is lower, from FSI
model.

v Little difference between deep and shallow
water.

v' Potential damage vs Actual damage
v" Certain hull breaches outside ship domain.

v FSI model allows for a more realistic
idealization of the influence of the effects of
material properties and the operational
conditions/environment.
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Potential Damage Formed by the Probability Distirbution Based on Historical Data Set of Grounding Accidents
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Conclusion

An improved model for ship grounding dynamics is
introduced. :
Reference technique is feasible for the prediction of £l
maneuvering trajectories of existing or new-build Vessels 2
Well validated maneuvering under shallow water and :
shortwaves conditions.

Motion-dependent plate split angle must be used.
Prediction of damage extent and deformation energy with
simplified FSI model are generally acceptable.
Maneuvering dynamics and meteorological conditions can
be considered for structural crashworthiness and evasive
actions.

Addition of ship restoring forces, damping and 6-DoF
rigid body dynamics is essential

Longitudinal Force [MN]
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