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Purpose  

•  Discuss current state of NonLinear Soil-Structure Interaction (NLSSI) in 
the nuclear industry 

•  Present ongoing Research and Development (R&D) at INL related to: 

•  Developing an acceptable NLSSI methodology 

•  Application of NLSSI to seismic PRA 

•  Advanced framework for multi-hazard scenario’s 



3 

Current Status of NLSSI in Nuclear Industry  

•  NonLinear Soil-Structure Interaction seismic analysis routinely performed in commercial 
non-nuclear industry 

•  Application in nuclear industry is limited 

•  Barriers include: 

•  Lack of acceptance in ASCE – 4 

•  Perceived (or real) limitations of time domain software to perform NLSSI 

•  Lack of NLSSI methodology 

•  Path to overcoming barriers 

•  Soon to be released ASCE 4-15 has non-mandatory Appendix B titled “Nonlinear 
Time Domain Soil-Structure Interaction Analysis” 

•  INL has developed methodology for performing NLSSI analysis 

•  Commercial/open source software suppliers are adding additional numerical 
capability to handle NLSSI 



What is the Need?  

KK 2007 Fukushima 2011 North Anna 2011 

Design Value (g) 0.20 0.26 (Original) 
0.45 (Update) 

0.18 

Recorded Value (g) 0.32 0.56 0.26 
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All Exceeded Design Basis Earthquake 

•  Uncertainty associated with seismic hazard 

•  NLSSI needed to capture nonlinear behavior during larger earthquakes 

•  Gapping and Sliding 

•  Material Nonlinearity 

•  Implementation into SPRA 

Managing Uncertainties is a desirable goal 



Short to Medium Term Goal 
•  Provide DOE and Industry with robust analytical 

methods to evaluate a range of seismic ground 
motions at critical infrastructure and nuclear 
facilities and implement protective measures such 
as seismic isolation (SI).   

•  The goal is to manage seismic risk at nuclear 
facilities through cost effective analytical 
approaches and technologies  

 

Long Term Goal 
•  Evaluate the performance of virtual nuclear power 

plants and nuclear facilities to a wide range of 
external hazards including multiple event 
scenarios.  

•  This allows nuclear facility owners to virtually test 
external hazards before the actual facilities are 
tested with actual hazards.   

•  Owners can then anticipate potential issues and 
resolve them 
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INL External Hazards R&D  
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Is the assumption that ground motion scales linearly with ground motion valid? 

Linear SSI vs. NLSSI Results 
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•  Number of Elements:  704,000 

•  Number of CPUs:  1 

•  Computer Run Time to Produce 40 Seconds of Results:  20 hours 
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Nonlinear Soil-Structure Interaction Animation 
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Nonlinear Soil-Structure Interaction Animation 
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R&D Team 

R&D TEAM  

NLSSI Methodology 
Development 

Steering Committee:  
Bob Kennedy, Chairman, 
Farhang Ostadan, Greg 

Mertz, Mike Salmon, 
Andrew Whittaker 

Bob Spears, 
Chandrakanth Bolisetti 

(INL) 

Carl J. Costantino and 
Associates team for 

SHAKE/SASSI model 
results 

Advanced SPRA 

Advisory Panel:  Bob 
Kenned, Bob Budnitz, 

Nilesh Choskshi  

Bob Spears, 
Chandrakanth Bolisetti 

(INL) 
Annie Kammerer 

Simpson Gumpertz and 
Heger (SGH), Traditional 

SPRA 

Technical NLSSI 
Consultation 

Boris Jeremić, UC Davis 

DOE and Industry 
Partners 

DOE-NE, NNSA TerraPower EPRI 
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Conclusion  

•  Discussed current state of NonLinear Soil-Structure Interaction (NLSSI) in 
the nuclear industry 

•  Presented ongoing Research and Development (R&D) at INL related to: 

•  Developing an acceptable NLSSI methodology 

•  Application of NLSSI to seismic PRA 

•  Advanced framework for multi-hazard scenario’s 



The National Nuclear Laboratory 
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