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Outline	



•  Introduction – Issues in Western Kentucky	


	


•  Probabilistic Seismic Hazard Analysis (PSHA)	



•  Alternative Approach – Scenario Seismic 
Hazard Analysis	



•  Summary	





Development of NEHRP Provisions


Seismic Hazard Map	


(USGS)	



Seismic Design Ground Motions	


 (FEMA) 	



BSSC – Seismic Design Procedures 
Reassessment Group (SDPRG)	



State Agencies	

 Other organizations	

Federal agencies	



Policy


Science




(2009 NEHRP Provisions) 	



NEHRP 0.2 sec Spectral Response 
Acceleration for the U.S. (2% PE in 50 
yrs.) – the USGS hazard map 
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(2009 NEHRP Provisions) 	
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Issues in the western Kentucky 	



- The City of Paducah	



- Paducah  Area Chamber of Commerce	





Paducah Gaseous Diffusion Plant	





C-746-U Landfill Design Ground Motion	



(Beavers, 2010)	



USGS-1996 maps (2% in 50yrs)	


PGA of 1.2g (B/C)	


PGA of 0.8g (hard rock)	


	


Cramer’s Recommendation (2001)	


PGA of 0.7g (2% in 50yrs) 	



There is no landfill in US	


that has been designed for	


0.7/0.8g PGA. 	



Subtitle D (40 CFR) mandates:	


Minimum design ground motion	


of 2% PE in 50 years or 2,500	


years return period.  	





(Nuttli, 1973)	


(Hough and Page, 2010)	





National Seismic 
Hazard map for Central 
U.S. - PGA with 

2% PE in 50 years


(Peterson and others, 2008)


PGA inferred from 
liquefaction

for NM M7.7 earthquake


(Holzer and others, 2010)	





Red area: 0.40 – 0.80g


National Seismic 
Hazard map for Central 
U.S. - PGA with 

2% PE in 50 years


China - Wenchuan 
earthquake 

Actual (M8.0) PGA map


<0.10g


(Wang, 2009)


(Peterson and others, 2008)


(Wang and Lu, 2011)




Actual record 2008

Wenchuan 
earthquake

 (M8.0, 0.2s PSA (g)


1.8 g	



(Xie and others, 2010)


(2009 NEHRP Provisions) 


NEHRP 0.2 sec  PSA (%g, with 
2% PE in 50 years)
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The National Seismic Hazard Maps	



Outputs	

Inputs	

 Modeling (computer)	



Scientific  data	

 PSHA	

 Hazard curves 	


 and maps	
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Probabilistic Seismic Hazard Analysis – PSHA	



--- “PSHA is a creature of the engineering sciences, not the Earth 
sciences, and most of its top practitioners come from engineering 
backgrounds” (Hanks, 1997).	


	


--- the Yucca Mountain PSHA: 11g PGA at 10-8 per year – the 
2011 SSA Joyner Lecture (Hanks, 2011)	


	


--- There is a debate on PSHA at the 2012 SSA 	


Debate #2 - PSHA Methodology (3:30 – 5:00pm on Wednesday, 
April 18, 2012)	


	


--- PSHA is a mathematical formulation derived from a rigorous 
probability analysis on distributions (statistical relationships) of 
earthquake magnitudes, locations, and ground motion attenuation 
(McGuire, 2008).	





(McGuire, 2004)	



(McGuire, 2008)	



Probability = Frequency (1/yr.)?	





(Cornell, 1968)	





(Cornell, 1968)	





(Frankel and others, 1996) 
	‏


(1/yr.)	





(6th grade math test)	



Probability ≠ Frequency (1/yr.) – Grade School Math	





The National Seismic Hazard Maps	



Outputs	

Inputs	

 Modeling (computer)	



Good Scientific	


data	



PSHA	


?	



Hazard curves 	


 and maps ?	
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Math Is Wrong	



The problem is the methodology - PSHA 	





The KGS Scenario/Deterministic Ground Motion Hazard Maps


1. Seismic design of bridge and highway facilities	


2. Seismic design of Landfills and other facilities	


3. Basis for revision of the Kentucky Residential Code    	





C-746-U Landfill Design Ground Motion	



(Beavers, 2010)	



Scenario hazard analysis 	


(Cramer, 2010):	


	


PGA of 0.36g (bedrock) 	



Design PGA: 0.33g (surface) 	



One of Alternatives:	


Scenario Hazard Analysis	





Summary	


•  The National Seismic Hazard Maps have significant 

impacts on the society. 	



•  The NSHM input data reflects “the best available 
sciences” 	



•  However, the hazard curves and maps might not be 
scientific because the methodology – PSHA	


•  The math is not correct 	


•  1% (0.01) = 1% (0.01) per year (simply wrong)	



•  Scenario/Deterministic seismic hazard analyses is a 
good alternative	





Thank you!	




