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I. Background 

Å  SI is an effective tool for improving seismic safety 

V  Not only for high seismicity areas but middle/low        

seismicity areas as well 

V  SI can be used for both buildings and equipment 

Å Effectiveness recognized in discussions at the 2010 

Kashiwazaki International Seismic Safety Symposium 

and demonstrated in the March 11, 2012 earthquake in 

the good performance of the emergency response 

buildings in Fukushima Daiichi and Daini 

Å IAEA ISSC EBP is now developing a technical guidance 

document that will summarize Member Statesô nuclear 

application and design experience 
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Guidance Development 

 

Technical Review 

Guidelines for Seismic 

Isolation Structures 

  

II. JNES Activities 
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Location of Bearing 
 

 

 

 

 

 

 

 

 

 

 II.1  BACKGROUND 

üRevision of Regulatory Guide for Reviewing Seismic Design of Nuclear 

Power Reactor Facilities (September, 2006). 

ї Possibility of applying seismic isolation into NPP 

üAchievements of seismic isolation research and development by industry-

academia-government over the past two decades in Japan.  

üRecognition of seismic isolation effectiveness against earthquakes at NPP 

sites. (Kashiwazaki-Kariwa NPPs, Fukushima NPPs) 

Base-isolated Building at K-K Site 

(Administration Building) 

Lead Rubber Bearing 

Sliding Bearing 
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II.2  SUMMARY OF TECHNICAL REVIEW GUIDELINES 

FEATURES OF THE GUIDELINES 

üCovers all stages of NPP lifespan and all types of Seismic Isolation 

ÅGuidance for each stage of NPP life span: design, comprehensive safety 

evaluation, construction and operation 

ÅGuidance provided for both base isolation and equipment isolation to 

address the needs of both newly constructed and existing NPPs 

üScope of Applying Area 

ÅHigh Seismicity Areas: Improvement of seismic safety and cost 

ÅModerate to Low Seismicity Areas: Standardization of seismic 

design for structures and equipment regardless of site condition 
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Reactor Type Plant Situation 

Building Isolation Equipment Isolation 

Current Type 
Existing ṷ 

Newly Constructed ṷ ṷ 

Next Generation Newly Constructed ṷ ṷ 

Used for horizontal motions, vertical motions, or a combination of both. 

APPLICATION OF EACH TYPE OF SEISMIC ISOLATION 

diesel generator 
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DESIGN OF SEISMIC ISOLATION 

Basic Requirements ÅDBGM is based on the Regulatory Guide for 

Reviewing Seismic Design of Nuclear Power Reactor 

Facilities. (September, 2006) 

īThe earthquake ground motions to be formulated 

with and without the site specific epicenter 

Additional Requirements 

(consideration of the SI 

characteristics) 

Åto contain appropriate long period components 

corresponding the natural frequencies of base isolated 

structures 

īHorizontal 2 to 5 second, Vertical 0.5 to 1 second, 

in general 

Åto consider massive earthquake far from the site as 

needed 

(1) Requirements for Design Base Ground Motion 



IEM on Protection against Extreme Earthquakes and Tsunamis 

in the Light of the Accident at the Fukushima Daiichi NPP 

Vienna, Austria 

9 

(2) Requirements for Isolation Devices 

Isolation 

Device 

Available 

Elements 
Basic Function & Requirement 

Isolator 

Rubber bearing 

Roller bearing 

Sliding bearing 

Supporting Function to long term vertical load of 

superstructure and to maintain the function under the 

condition of horizontal deformation caused by earthquakes 

Restoring Function not to lose the function against the design 

seismic motion and to deform up to the design allowable 

displacement 

Damper 
Steel rod damper 

Oil damper 

Damping Function to retain necessary damping capacity under 

design condition (displacement, velocity, etc 

῏Design of Rubber 

Bearingῐ 
ÅIn general, The rubber bearing should 

be used in linear range. 

ÅAllowable design stress area of rubber 

bearing should be appropriately 

determined considering the 

characteristics of axial force ï shear 

force relationship which is based on 

testing. 
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Reference: Japan Electric Association, ñTechnical Guidelines on Seismic Base Isolation System for Structural Safety and Design of Nuclear Power Plantsò, 2001 
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(3) Requirements for Seismic Isolation System 

Design Seismic Force 
 
ÅDesign seismic force is based on the Regulatory Guide for 

Reviewing Seismic Design of Nuclear Power Reactor Facilities. 

ÅDesign seismic force complying with seismic classification of 

structure/component is used. 
 

Analysis Model 
 
ÅAnalysis model should be able to; 

ïdemonstrate response motion unique to base-isolated 

structures such as rocking motion 

ïestimate seismic force, acceleration and displacement on the 

isolation devices, the superstructure and the substructure 

ÅThe properties of the isolation devise (stiffness, damping ratio, etc.) 

for analysis model should be; 

ïbased on tests of the devices 

ïinclude the change due to environment conditions and aging. 
 

Combination of Seismic 

Loads 

 
ÅThe horizontal and vertical seismic load should be combined by 

appropriate method considering the vibration characteristic of the 

base-isolated structures. 
 

Other Consideration 
 
ÅReducing gap of centers of gravity and rigidity 

ÅInterfaces between isolated and non-isolated structures 

ï requirements for crossover components (ref. next slide) 

ÅOther external load 

ï wind, lightning, tsunami, flooding, fire, etc. 
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(4) Interfaces between Base-Isolated Structures and Non-Isolated Structures  

Available Measures for the Crossover Piping 

routing arrangement,  expansion joint 

Shaking table test of piping 
simultaneous inputs of both horizontal and 

vertical vibration 

Base-isolated 

structure 

Fixed support 

Joint 

Design of Crossover 

Component 

ÅCrossover components must be appropriately 

designed and maintain required safety function against 

the design base earthquake with high confidence. 
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(5) Combination of Loads and Allowable Limits  

Combination of 

Loads 

ÅSeismic loads and other internal loads (earthquake 

independent or dependent events) 
ïThe combination should comply with Regulatory Guide for 

Reviewing  Seismic Design of Nuclear Power Reactor Facilities. 

(September, 2006) 

 

Allowable Limits ÅAllowable design displacement limit of isolation device must be 

appropriately determined. Following methodologies are 

available; 
ïDisplacement limit based on the ultimate displacement of the 

critical component (isolation device, crossover component) 

ïDisplacement limit determined to make CDF and CFF satisfy the 

performance goal 

ÅThe allowable design limits of superstructures should comply 

with Regulatory Guide for Reviewing  Seismic Design of 

Nuclear Power Reactor Facilities. (September, 2006) 
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4. SEISMIC RISK ASSESSMENT 

Recognition of Residual Risk ÅIn the case of applying base isolated structures, 

efforts must be made to reduce ñresidual riskò 

as much as possible. 

 

Evaluation Methodology ÅSeismic risks can be evaluated by probabilistic 

safety assessment methods, specifically, 

seismic PSA methodology is available. 
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5. CONSTRUCTION 

Pre-Operation Testing ÅQuality control for the procurement, production, 

inspection, installation, and testing of isolation devices 

shall be conducted  

ÅSpecific functions of isolation devices/system shall be 

checked in advance of operation. 

6. OPERATION 

Regular Inspection ÅThe Base-isolation structures shall undergo regular 

inspections. 

Inspection Before 

Restarting 

ÅBefore restarting NPP after an earthquake, the 

inspection shall be conducted in order to confirm the 

performance of isolation devices/system. 

ïpresence of damage to isolation devices, 

pedestal, interfaces, etc. 

ïcurrent positions of superstructures 
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II.3  PROSPECTS FOR APPLYING SEISMIC ISOLATION INTO NPPs 

Emergency DG with Air Fin Cooler Emergency Gas Turbine 

üUtilities plan base-isolated administration building at NPP sites. 

üNISA proposed thirty measures based on lessons learned from Fukushima 

nuclear accident in order to improve the safety of NPPs. 

īto improve seismic capacity of equipment related to external power 

(Measure No.2, 3) 

īto enhance multiplicity and diversity of emergency AC power (Measure 

No.7) 
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III. US NRC Activities 

ÅBackground and regulatory activities 

ÅOverview of the NUREG 

ÅProposed performance-based criteria 

ÅAdditional guidance on SI analysis, 

design, and operation 
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Background and Regulatory Activities 

Å2008 NRC began new research in SI 

ÅNRC research addressed key items 

Å Vertical and beyond-design-basis loading 

Å Development of performance-based criteria 

Å Development of deterministic ñrules of thumbò 

to meet performance criteria 

Å New tools for numerical simulation  

Å Testing of full size isolator systems at large 

loads on eDefense to confirm analysis tools 

and models 
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Background and Regulatory Activities 

Å Draft NUREG starting final review June 2012 

Å Many comments received internally and 

externally (currently being incorporated) 

Å Publication expected late 2012 

Å Additional research to be published as 

NUREG/CR reports 

Å Regulatory Guide on SI to be developed 
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Contents of the NUREG 

Å Introduction 

Å Brief History Of SI 

Å Basics Of SI 

Å Mechanics Of Isolators 

Å US Codes And Standards 

Å International Regulatory 

Guidance 

Å Modeling Techniques 

Å Performance Objectives and 

Acceptance Criteria 

Å Additional Recommendations 

Å References 

Kammerer1, Whittaker2, and 

Constantinou2 
 

1US NRC 
2University of Buffalo 
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Efforts for consistency between the US and Japan benefitted from a 

long-standing NRC-JNES bi-lateral cooperation program. 

Designs that meet both sets of  

guidance can be developed 





































http://sokocalo.engr.ucdavis.edu/~jeremic/NRC_ESSI_Simulator/
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