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Cascading Damage Research 

Background and Objectives

ÅCurrent understanding of LNG spill cryogenic and fire hazards 

suggest that an LNG carrier might be damaged from a large 

spill

ÅDamage is a large-scale, multi-physics problem with damage 

occurring over different spatial and time scales, which is very 

difficult to model and analyze

ÅProgram objective is to improve the understanding of potential 

LNG carrier damage from a large spill and the impact on 

hazards to the public
ïEvaluating both membrane and Moss LNG carriers for a few key 

breach and spill events 



Cascading Damage

Analysis Approach
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LNG Carrier Structural Model 
Development

ÅCreated detailed models of large 
LNG carriers using actual vessel 
drawings

ÅMembrane and Moss models 
have 4-6 million elements for 
failure and damage detail 
needed (as small as 4òx4ò 
elements in some areas)

ÅHave integrated thermal 
failure/damage and ship stability 
functionalities



Internal and External LNG  
Flow Modeling and Analysis

Using detailed ship structural models with CFD tools to 
model internal and external LNG flow and vaporization

Example Simulations



Status of LNG Flow 
Modeling and Analysis

ÅLNG flow analyses appear to capture expected physical 

events

ÅInsight being gained on LNG flow issues and potential 

impacts on structural damage

ïQuantified external and internal distribution of LNG spill flows 

for key breach events

ïFlow distribution in Moss and membrane tankers is different for 

key breach events

ïUnderstanding of LNG spill/water interaction

ÅFlow 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

Å Tests designed to explore thermally induced crack propagation and provide 

qualitative data for Fracture/Damage Model

ï Phase I & IIïExploratory small plate and small scale tests using LN2

ï Phase III - Large scale tests representative of vessel hull structure

Å Phase II and III tests used ABS Gr. A and ABS Gr. EH36

ï Span the range of LNG carrier structural steels

ï Conducted material property testing from -191C to 800C

12ôx3ôx1/2ò (EH)

12ôx12ôx1/4ò (A)12ôx12ôx3/4ò (A)



Summary of Cryogenic 
Fracture/Damage Testing 

ÅData matches current operational LNG spill experience and 
expands information on internal spills

ÅCracking does not propagate significantly outside the LN2 flow area

ÅFractures propagate through all cold structural members (plates, webs, stiffeners, 
flanges)

ÅFracture initiation was observed at stress concentrations - many initiation sites exist 
within vessels (complex geometry, welds, etc)

ÅA cryogenic fracture/damage model had to be developed 
specifically for this project 

ÅLarge structure, quasi-static, fracture mechanics-based damage model 

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

ÅMust provide general damage/failure patterns and directions for multiple elements 
in a large ship structure over a wide temporal range



Fracture/Damage Model Prediction
Compared with Test Results

Phase III Test 2

ÅFracture model produces similar  
qualitative fracture and damage 
directions and results

ÅDamage occurs across plates 
and members and secondary 
cracks occur

ÅDamage progresses up and 
through the side wall 



Summary of Fracture/Damage 
Model Development and Integration

Å Fracture/Damage model 

comparison with cryogenic 

fracture test data completed

Å Fracture/Damage model provides 

representative fracture pattern and 

direction  damage results

Å Fracture/damage integrated with 

full -ship model and LNG flow 

model to assess carrier stability  

Example Simulation


