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Analysis Methodology

• Example: CFD



Benchmarking of Codes

• To have confidence in the codes they must be 
benchmarked

• This can be done by:
– Comparison with experimental results,
– Comparison to the results of other codes, or
– Comparison to mathematical models



Predictive Capability Maturity Model



Requirements Cascade
•Application Requirements

•Hardware Qualification Tests
•Physics Requirements (PIRT)

•Discovery Experiments
•Mathematical Model Requirements

•Material & Physics Model Development
•Calibration Experiments

•Numerical Simulation Tool Requirements
•Algorithm and Hardware Development
• Production Code Development

•Verification – Are the mathematical models coded correctly?
•Verification Problems
•Verification Metrics

•Validation – Do the mathematical models represent the physics  adequately?
•Validation Data Sets
•Validation Metrics

•Accreditation – Do the physics represent application adequately?
•Geometry & Material Model Qualification 
•Accreditation Data Sets
•Uncertainty Quantification

•Production computing to meet application requirements



Impact Analyses

• To accurately capture the response of a package 
during the impact event requires an explicit 
dynamics code

• Some commercial codes:
– ABAQUS/Explicit
– LS-DYNA

• Sandia Codes
– PRONTO
– PRESTO



Comparison of Test and Analysis Results

• DHLW notched impact limiter



Comparison of Test and Analysis Results 
Response to Extra-Regulatory Impacts



Comparison of Test and Analysis Results
Response to Extra-Regulatory Impacts

• Structural evaluation test unit 60 mph corner impact



Impact Code-to-Code Comparison

• The European Commission sponsored a 
comparison of explicit dynamics codes used for 
package analyses

• Examined ABAQUS/Explicit, LS-DYNA, LUSAS, 
H3DMAP, DYNA, and PRONTO

• 3 Benchmark problems
– A concentric steel and lead cylinder with side 

impact
– A corner impact of a steel cube
– An end impact of a steel-lined wood impact limiter

• All codes produced similar results



Thermal Analyses

• To accurately capture the response of a package during 
thermal events may require more than one type of code

• Some commercial codes:
– ANSYS
– MSC PATRAN/Thermal
– ABAQUS
– FLUENT
– CFX

• Sandia Codes
– FUEGO
– VULCAN
– CALORE
– CAFE



Linking Analysis to Testing

Comparison of CAFE analysis to test
– Truck-cask-size calorimeter



CAFE Fire Simulation – Code Benchmarking
Large Calorimeter Fire Test









Formal V&V Process

• The next slides will cover the verification and 
validation process being used for the Sandia fire 
code FUEGO



SIERRA/FUEGO/SYRINX 
Math Model Connectivity



Verification Suite Coverage
of Math Models in Fuego
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Validation Suite Coverage 
of Math Models in Fuego
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Validation plan
• provides full 

coverage of all 
mathematical 
models

• builds from 
simple to full 
physics coupling
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