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Aol F& - FHx Alal AAE VY AL

With the advent and ongoing advances in numerical simulation
capabilities and its sophisticated tools, such as highly accurate dynamic
nonlinear simulation hydrocode LS-DYNA, development of shock response
analysis techniques has been actively carried out for the structural safety
assessment with viable, less costly alternatives as well as more reliable aids
to the tests and/or experiments. To ensure an accurate and reasonable
prediction of shock response with relation to the fluid, such as explosion,
sloshing, collision, grounding, capsize, flooding and sinking etc., full-scale
simulations would be the best approach using highly advanced M&S
(Modeling & Simulation) of its Fluid-Structure Interaction (FSI) analysis

technique.

Several coupling effects in the water could be conceptualized in this
highly advanced M&S system of FSI analysis technique, such as floating,
motion, wave making, squeezing pressure, bank effect and realistic ship
velocity. Fracture criteria have to be also suitably applied to the structural
damage considering strain rate effect, together with careful investigation of

damage information.
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In this study, using highly advanced M&S system of FSI analysis
technique, full-scale ship collision & grounding simulations were performed
for the investigation of small fishing ship collision and capsize accident and
for the structural safety assessment of radioactive waste matter carrying
vessel. More accurate and realistic collision and grounding behaviors,
damage responses could be found in water condition using highly advanced

M&S system of FSI analysis technique.

KEY WORDS : Full-Scale Ship Collision - Grounding Simulation, Fluid-Structure
Interaction(FSI) Analysis Technique, Highly Advanced M&S(Modeling & Simulation)
System, Cause Investigation of Marine Accident
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Analysis Technology Development of Cause
Investigation for Ship Collision - Grounding Accident

Park, Ji-Hoon

Department of Naval Architecture & Ocean Systems Engineering
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Fig. 5 Grounding test of NSWC(Rodd and Sikora 1995)
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Fig. 637 & 23 =49 ADH/PD328V(Rodd and Sikora 1995)¢] #3tQ4 4
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(a) rough model (b) fine model
Fig. 6 Grounding test model and simulation of ADH/PD328V model (Lee 2007)
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Table 1 Material properties of ASTM 569

Property ASTM 569
Young’s modulus 3.00x10" ksi
Density 7.43x10-4 Ibfsfin’
Poisson’s ratio 0.30
Yield stress 41.00 ksi
Ultimate stress 50.00 ksi
Failure strain 0.20, 0.25, 0.30, 0.35
Dynamic yield stress constants D=40.4 s, =5
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Fig. 7 Stress-strain curve of ASTM 569
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Fig. 11 F.E. mesh configuration of struck fishing vessel

(@) striking ship with bulbous bow

(b) striking ship with vertical bow

Fig. 12 F.E. mesh configurations of striking cargo ships
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(a) iso view

| 232.5m {

(b) side view

(c) top view

Fig. 13 F.E. mesh configuration and scenario of full-scale collision simulation

using FSI analysis technique

Collection @ kmou



FA-T2 AR MAVIHEE ol &3 A9 vl HAEE 98t F7] F(void
condition)o| o] A FE AlEHIAE AT} Fig. 4= &7 oA
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Fig. 14 F.E. mesh configuration and scenario of full-scale collision simulation

in void condition
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Table 2 Material properties of mild and high tensile steels

Property wid steel | Q8T | selate)
Young’s modulus 206.0 GPa 206 GPa 206 GPa
Density 7.85x10° kg/m®| 7.85x10° kg/m® | 7.85%x10° kg/m’
Yield stress 235.0 MPa 315.0 MPa 355.0 MPa
Ultimate stress 445.0 MPa 525.0 MPa 565.0 MPa
Failure strain 0.2-0.3 0.2-0.3 0.2-0.3
Dynamic yield stress constants{D=40.4 s, q=5[D=24,804.6 s, q=5[D=50,194.4 s, q=5
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Fig. 15 Stress-strain curve of mild & high tensile steel
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Fig. 16 Overall view of full-scale collision & capsize simulation behavior using

FSI analysis technique
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(a) striking ship with bulbous bow

(b) striking ship with vertical bow
Fig. 17 Side view of full-scale collision & capsize simulation behavior using

FSI analysis technique

Fig. 18 Side view of full-scale sinking simulation behavior by striking ships of

bulbous & vertical bows using FSI analysis technique
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(a) stress

(b) plastic strain
Fig. 19 Stress and plastic strain response of struck ship by striking one with

bulbous bow using FSI analysis technique

(a) stress

(b) plastic strain

Fig. 20 Stress and plastic strain response of struck ship by striking one with

vertical bow using FSI analysis technique
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(a) striking ship with bulbous bow

N P e Je

(b) striking ship with vertical bow
Fig. 21 Full-scale collision & capsize simulation behavior of striking ship with

bulbous bow in void condition

(a) stress

(b) plastic strain

Fig. 22 Stress and plastic strain response of struck ship by striking one with

bulbous bow in void condition
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(a) stress

(b) plastic strain

Fig. 23 Stress and plastic strain response of struck ship by striking one with

vertical bow in void condition
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(c) close view of double bottom structure & rock position
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(d) rock height & size
Fig. 24 Full-scale grounding simulation model
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(a) rock position center
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(b) rock position 3.0m off
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(c) rock height 2.0m
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(@) side view

Fig. 25 Full-scale ship grounding scenario of grounding model ship using FSI

analysis technique
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(a) overview in sea water

(c) front view in sea water

(d) side view in sea water

(f) grounding damage behavior in bottom inner hull
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LS.DYNA keyword deck by LS PrePost
Tmor 51

(g) side view of grounding damage behavior in bottom structure
Fig. 26 Grounding response behaviors in full loading condition with rock

position center

(a) overview in sea water

(b) iso view in sea water

(d) side view in sea water
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(e) grounding damage behavior in bottom shell

(f) grounding damage behavior in bottom inner hull

(g) side view of grounding damage behavior in bottom structure
Fig. 27 Grounding response behaviors in full loading condition with rock

position 3.0m off
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(a) rock position center

A ‘

(b) rock position 3.0m off

Fig. 28 Grounding response behaviors in full loading condition at free motion

according to rock position in void condition
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(a) rock position center

(b) rock position 3.0m off
Fig. 29 Grounding response behaviors in full loading condition at plan

constraint according to rock position in void condition
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