
U.S. DEPARTMENT OF ENERGY 

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 


NUCLEAR WASTE TECHNICAL REVIEW BOARD 
PANEL ON STRUCTURAL GEOLOGY & GEOENGINEERING 

SUBJECT: 	 SEISMIC VULNERAB!LITIES 
AND SEISMIC DESIGN ISSUES 
SURFACE FACILITIES 

PRESENTER: 	 PHiLiP J. RICHTER 

PRESENTER'S TITLE 
AND ORGANIZATION: TECHNICAL DIRECTOR, STRUCTURAL ENGINEERING 

FLUOR DANIEL, INC. 

PRESENTER'S 

TELEPHONE NUMBER: (714) 975-5835 


JANUARY 22-23, 1992 




Seismic Vulnerabilities and 

Seismic Design Issues 


Surface Facilities 


• Background/objective 

• Scope of presentation 
- Seismic design considerations - general 
- Waste handling building c o n c e p t  


= Design criteria issues 

- WHB design for vibratory ground motions 
- WHB design for fault rupture 
- Summaryand conclusions 

• Perspective- design vs. scenario development 
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Seismic Design Considerations 

General 


• Design approach 

• Design process 

• Structural  sys tems 

• Earthquake response 

• Earthquake effects 
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Design Approach/Philosophy 


• N o r m a l  industr ial  facil i t ies 
- Level of protection 
- Expected behavior 

• Spec ia l /sa fe ty  related faci l i t ies 
- Level of protection 
- Expected behavior 



Design Process 


• Establ ishing risk levels 

• Defining inputs/ loads/forcing funct ions 

• Selecting acceptable levels of response 

• Choosing structural systems/materials/ 
configurat ion/sizes 

• Determining response: structural analysis 

• Iterating on initial design 

• Non structural systems and components  

• Other issues 



Structural Systems 


• V e r t i c a l  
- Space  f r a m e s  
- C o i u m n s / b e a m s / t r u s s e s  
- Wal l s / s labs / f l oo rs  
- F o u n d a t i o n s  

• L a t e r a l  
- F rames  

• M o m e n t  

• B r a c e d  

- Shear  wa l l s  
- D i a p h r a g m s  
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Lateral Force Resisting System Concepts 


DIAPHRAGM 

~ED FRAME 

MOMENT FRAME 

• Box like ac t ion /shear  b e a m  

• Bui lding - s tory  to story distort ion 
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Steel Moment Frame Construction 
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Steel Braced Frame Construction 
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Concrete Shear Wall Construction 
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Structural/Nonstructural Systems 
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Earthquake Response 


• E last ic  r e s p o n s e  
- M o d e s  o f  v i b r a t i o n  

- G r o u n d  m o t i o n  i n p u t  
- A m p l i f i c a t i o n  

- D a m p i n g  

• Ine las t ic  r e s p o n s e  
-- D u c t i l i t y  
- D i s t o r t i o n / h i n g i n g  
- P e r m a n e n t  d e f o r m a t i o n  
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Earthquake Effects 

Beam Hinging Model 
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Beam Hinging Damage 
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Shear Wall Damage 
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Waste Handling Building Concept 


• Three story reinforced concrete 

shear wa l lbu i ld ing  


• Partially buried 



WHB 2-  Plan 
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W H B  2 - S e c t i o n s  
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Waste Handling Building 2 
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SECTION A -A  
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AND SHIPPING 
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Design Criteria Issues/ 
Current DOE Practice 

• Categorizat ion/classif icat ion 
of bu=ldings 
- U s e / o c c u p a n c y  

• Risk levels 
- I n p u t  

- R e s i s t a n c e  

• Analysis  Requi rements  
- E las t i c  a n a l y s i s  

- S o i l - s t r u c t u r e  i n t e r a c t i o n  

• Documen ta t i on  
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DOE Practice 

Performance Goals 


Usage 
Category 


General 

Use 


important or 

Low Hazard 


Moderate 
Hazard 

High Hazard 

Performance 

Goal 


1 x10-3 


5 x 10 -4 


1 x l O  4 

1 x l O  5 

Hazard 

Exceedence 

Probability 


2 x  10 -3 


1 x l 0  3 


1 x l 0  -3 


2 x  10 .4 


Ratio of Hazard 
to Performance 

Probability 

2 

2 

10 

20 
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Site Specific Input 

• Probability of peak ground acceleration 

• Design response spectra 

• Definition of vertical ground motion 

• Underground nuclear explosions 

• Effects of local fault rupture 
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Risk of Ground Shaking 

Peak Horizontal Acceleration 
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Design Response Spectra 
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UNE Vibratory Ground Motion 


R A D I O A C T I V E  WASTE M A N A G E M E N T  
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Risk of Faulting 
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WHB Design for Vibratory Ground Motion 


• Des ign cr i ter ia vs. level of c o n s e r v a t i s m  

• Ana l ys i s  

• S t ruc tura l  res is tance  

• Duct i l i t y  i ssues  

• Regu lar i t y  

• Ef fects of  e m b e d m e n t  
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Design for Local Fault Rupture 


• I s s u e s  
- D i s p l a c e m e n t  
- S t r e n g t h  
- L i m i t i n g  f o r ce  
- Ef fec t  o f  e m b e d m e n t  

• E s t i m a t e d  level  of  res is tance .  
- Ver t ica l  1.0 to 2.5 i n c h e s  
- Hor i zon ta l  5 to  15 i nches  

• M i t iga t ive  m e a s u r e s  
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Mitigative Measures in Design for 

Local Fault Rupture 


• 	 Direct approach  
-	 D e t e r m i n a t i o n  of  o r i e n t a t i o n /  

l im i t i ng  f o r c e s  
-	 S t r e n g t h  
-	 Duc t i l i t y  

• 	 Modular izat ion of Structure  
-	 L o c a t i o n / o r i e n t a t i o n  of  jo in ts  
-	 D e s i g n  deta i ls  for  jo in ts  

• 	 Isolation Techniques  
-	 G r a n u l a r  b e d d i n g  
-	 C r u s h a b l e  b e d d i n g  
-	 T r e n c h e s / c l e a r a n c e  
-	 M e c h a n i c a l  iso lat ion 
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Overview of Experience- Heavy Industrial 

Facilities in Past Seismic Events 


• Fe rnda le /Eu reka  1954 

• E! Cen t ro  1979 

• Bo rah  Peak 1983 

° Ch i le  1985 

• A r m e n i a  1988 

• L o m a  Pr ieta 1989 
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Summary and Conclusions 

• Seismic environment  issues 
- Data needs 
-	 Conservatism in current reports 

• 	 Current concept 

• 	 Design approach 

• 	 Design issues 
-	 Design for vibratory ground motion - analysis 

Vs. conservatism 
- Design for fault rupture 
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