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A rapid assessment tool for the
evaluation of ship hard grounding

Key Characteristics

 Idealisation of ship dynamics in realistic environmental conditions T
J Coupling of evasiveness and structural crashworthiness by a contact model
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4) Searching forthepanels
and rock intersection in the 3D-sub-block
sub-block containing rock.
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3) Identification of the sub
block containing rock tip

1b) Storing of panel

] Evaluation of accidental loads following a hard grounding event ..i.
J Damage stablility assessment =

Motivation & Objectives Methodology

Ships that navigate in confined and shallow waters are prone to grounding 0 6-DoF Maneuvering dynamics @
accidents. Grounding can cause contamination of marine habitats, disruption G

5) Relative disp lacement
is outp utif intersection is
found.

2) Rock tip specified as a point
and a vertically extending line

Internal
Mechanics

Interface

of traffic flow, serious ship damages and loss of human life. The purpose of| |- Motion dependent structural A SR enes = O
this work is to develop a rapid time domain two-way coupled fluid structure failure model s e
. . . . . . »Ocean Currents »Friction
Interaction tool that combines ship dynamics and structural crashworthiness| |0 Ray-tracing algorithm for contact [ zshmaves e

* Structural Component

models. The idealization accounts for realistic environmental conditions and mechanics Quiput ~Bottom Pl

Contact Forces ,Penetration

seabed geometry. It can be used for the rapid assessment of dynamic . . e Bulkheats
. . . 1 Rupture mechanics by fluid e e, ~ Giden
response of ships following hard grounding events and for the assessment of . . . oo
- . . . . structure interaction modelling SO o Forees

damage stability of ships following serious flooding. The method has been - - !

developed under EU Horizons 2020 project FLARE (https:/flare-project.eu/;| | Damage stability assessment \" A  Dunnee sy

Grant no : 814753-2) and can be used in bridge simulators, modern decision o Risk e
Assessment Systoms pp

support systems and for ship damage stability assessment.

Results

= . v 1 0.5
Hull Penetration [m]

600

500

+00 Grounding 15 knots
'g' ------ Evade 4 knots
= ® Rock
O ; -
= 300F~ Ship Bottom L .
< —_— - *=Long.Girder
% ‘ Damage Width [m] ——Outor-Plate
< — Horizontal-Force Outer-Stiffeners
200 Lateral-Force —-Trans.Floors
...... Vertical-Force . Inner-Plate
; — \ 2 10 —— -4+ Inner-Stiffeners
T [ g
100f g X ’ 5 /\
§ 4 B “‘m‘ : ~ % —
@) * . 1 tenet? g - -
0 o = I :
— - E ]
B 2 8 > ! !' A : l\ N
45 5o - N AN \ \ ) [
s f = Aaoah AR AR N
100k Q ] ] 1 1 1 1 OE T 1 I i —_— | e ] ﬁa I VA O ‘\1/‘ A WS ;j K ; _"“I A ; AW ] J"\ ‘-' \!' VA ] J "u"\‘. ) kR, |
0 100 200 300 400 500 600 10 104 106 108 110 112 114 1162 -50 -40 -30 -20 -10 (
Transfer[m] Time [sec] Longitudinal Contact Position [m]
___________ R 10g 1800 0 0.1 10.2
4 Idealisation of ship motionsand | ™~ = __ —Sway Velocity _600
- . . . =" Tt r—emed 600 05F —:Sway Displacement - —
realistic evaluation of hydrodynamic! & s} e - T e
—Surge Displacement -1 7 —Heave Velocity

actions in way of contact

Velocity[m/s]
Displacment[m]

1400 ' g ] e
e . eave Displacement
. : 6 s 1.5} - 1290 01}
4 Rapid evaluation of structural e 200 e
deformation energy and resistance 4/’ | | | | ; 2R L | | 1° 0 | | | | | | |
0 20 40 60 80 0 20 40 60 80 100 120 140 "0 20 40 60 80 100 120 140

forces following hard grounding

W I 20l : 10.1  1.5p 1200
events 'ﬁ. 'I' —Roll Velocity lll 150
. . . 2 057 —-Roll Displacement 0 005y =" e == 3 P S 1150 "o
d Suitable evaluation of ship damage :3 —Pheh velory iff 7o It = o A )
extents E 0 2 0 — Pitch Displacement !| —Yaw Displacemerj‘i 1100 é
ey - — 101 05} = S
d Probabilistic damage stability £-05 4 -0.05 | e 03
assessment following serious g a0y N o e~y = o
a7 0 20 40 60 30 100 120 140 0 20 40 60 80 100 120 140 ' 0 20 40 60 30 100 120 140

flooding

_____________________ Time[sec] _____________________....Tme[sec] _______ o ________.Tme[sec] ___________________.
16 14 1.2 1 0.8 0.6 0.4 0.2 T 7 W
. . . 0. : . : z --LSDYNA-MCOL @
20.0 et Hull Penetration [m] ES i — Aalto-Rapid-FSI é‘)
£ _ 2 : = 0
@ Sab TR =
10.0 3% \ 0 =
© . | _‘ L TR | =2-0.021
o s e &Q .................. - =
0.0 <= — : e - % 2
- - | 20 5 10 15 20 25 30 B 004 5 10 15 20 25 30
ool | | I —m— T m—— / o o
-20.0 | | - _ | - | - - |Wﬁ - | B | EIOO- “““““““““““““ EOI
0.0 47.0 94.0 141.0 188.0 Ship Bottom 235.0 Al . '
Longitudinal axis [m] == Damage Width [m] £ >
“r & sof 20.05¢
= Long.Girder
6~ |~Outer-Plate . | | | | | | . | | | | | | o . | | | | |
Z OGRS 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
=5 [ Irans.Floors Time [sec] Time [sec] Time [sec]
= Inner-Plate
§ 4 |- [%*Inner-Stiffeners 0.5F
2 =
i ! %
s3 ! =
o2 I °
Z i ] ! i :
' pida hi, e aqnd 'Lrl;LH!I R
1 Jibdiipannt ikl d Fkhakini s E I A .
NN 1yt g 'y
oL | Y AERAARRE IR RAAIAL REREIS | 0 s M0 15 02
0.0 47.0 94.0 141.0 235.0
Longitudinal axis [m] -1
7 | =
y <3
— - 4}
4 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
_ Time [sec] Time [sec] Time [sec]
§4 B s : i i Z 3 - LSDYNA-MCOL|
Longitudinal Girder Close 5} ii i . i . 2 2 H ; 3z § s i § — Aalto-Rapid-FSI
to maximum breadth of %3 B _E_.E-.'. :_-;- ééi il L. £ 3 - " 1 E," :: - -'E . I: 2F
the ship (Girder 2) e :—'E'" PEEAEZEDE 2k ok K E EHE :f-:: : g . :
782' - A 7" & : i\ B = 1 ¢ E
= z T e e i e —_ “is %
21t ' § opix =t PPDICY Yot R R T TS
B e, < H- Y S St Nt e s T 2
g 0 I 1 1 1 1 . = B 1 - 1 1 [ 1
=70 5 10 15 20 25 30 = 0 5 10 15 20 25 30
— 4k A y E - LSDYNA-MCOL-Sliding-Energy ,_,-—-"""':;_::-:_-:_-:_-
E é_i_ i ¥ 23400 H—Aalto-Rapid-FSI-Sliding-Energy P
. o3k 25 SEFE ) —-LSDYNA-MCOL-Total-Energy IS i
b) BaCk VleW § R 3 p /! L%) — Aalto-Rapid-FSI-Total-Energy _,—';’; -
i imited Contac \i) £ 2 B < ¥ ; T ': g ~
X Lonaitudinal Girder ‘C_‘ES -.'5::::: g
(] .
. . o= 1 -
C) Isometric View Longitudinal Girder Close § g
to Centerline (Girder 1) 0 : : : : : L = =
)I\ 0 5 10 1§ 20 25 30 a 0 5 10 1? 20 25 30
= ~ Initial 6.7 seconds of Grounding Simulation Time [sec] Time [sec]
Evasive maneuverability assessment Structural component and design optimization Damage stability assessment
Hull form, controlling devices optimization Modern structural arrangement evaluation Decision support system
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