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Cascading Damage Research

'
‘/', Background and Obijectives

A Current understanding of LNG spill cryogenic and fire hazard:
suggest that an LNG carrier might be damaged from a large
spill

A Damage is a largscale, multiphysics problem with damage
occurring over different spatial and time scales, which is very
difficult to model and analyze

A Program objective is to improve the understanding of potentiz
LNG carrier damage from a large spill and the impact on

hazards to the public
I Evaluating both membrane and Moss LNG carriers fenakey
breach and spill events
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Development

A Created detailed models of large
LNG carriers using actual vessel
drawings :

A Membrane and Moss models
have 4-6 million elements for
failure and damage detail
needed (as s mal
elements in some areas)

A Have integrated thermal
failure/damage and ship stability
functionalities




Internal and External LNG

A
%‘ Flow Modeling and Analysis *"m

Using detailed ship structural models with CFD tools to
model internal and external LNG flow and vaporization
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~ ' Status of LNG Flow -

* Modeling and Analysis @
A LNG flow analyses appear to capture expected physical

events

A Insight being gained on LNG flow issues and potential
Impacts on structural damage

I Quantified external and internal distribution of LNG spill flows
for key breach events

T Flow distribution in Moss and membrane tankers is different for
key breach events

I Understanding of LNG spill/water interaction

A Flow model analysis has been integrated with low
temperature fracture and high temperature damage
models, and ship stress and stability models



'Cryogenic Fracture and Ship

—
% Structural Damage Testing

A Tests designed to explore thermally induced crack propagation and provide
gualitative data for Fracture/Damage Model

I Phase | & IT Exploratory small plate and small scale tests using LN

I Phase llI- Large scale tests representative of vessel hull structure
A Phase Il and Il tests used ABS Gr. A and ABS Gr. EH36

I Span the range of LNG carrier structural steels

I Conducted material property testing fret®1C to 800C




Summary of Cryogenic .

A 4
% Fracture/Damage Testing

AData matches current operational LNG spill experience and
expands information on internal spills
A Cracking does not propagate significantly outside the LN2 flow area

A Fractures propagate through all cold structural members (plates, webs, stiffener
flanges)

A Fracture initiation was observed at stress concentratioasy initiation sites exist
within vessels (complex geometry, welds, etc)
AA cryogenic fracture/damage model had to be developed
specifically for this project
A Large structure, quastatic, fracture mechanidsased damage model

A Uses cryogenic material property data of ship structural steels and spill flow
information

A Must provide general damage/failure patterns and directions for multiple elemen
in a large ship structure over a wide temporal range




practure/Damage Model Prediction ...
Compared with Test Results
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Phase Ill Test 2

shell_temp
304.9997

280

240

200 A Fracture model produces similar
160 qualitative fracture and damage
“120 directions and results

115.9677

A Damage occurs across plates
and members and secondary
cracks occur

A Damage progresses up and
through the side wall
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A Fracture/Damage model
comparison with cryogenic
fracture test data completed

A Fracture/Damage model provides
representative fracture pattern and
direction damage results

A Fracture/damage integrated with
full-ship model and LNG flow
model to assess carrier stability

Summary of Fracture/Damage ..
Model Development and Integration%@

Example Simulation




