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Presentation Outline 



Three major earthquake sources: 

• Shallow-focus Crustal Earthquakes (Mw = 5 to 7) 

• Deep-focus, Intraplate Earthquakes (Mw = 6 to 7.5) 

• CSZ Interface Earthquakes (Mw = 8 to 9.2) 

  

 

Summary of Design Earthquakes 
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Summary of Design Earthquakes 



Structural Damages 



  

 

Ground Motion Amplifications 

 

• Most Important of all seismic hazards 

• Greatly influenced by local subsurface condition 

• Can vary significantly over short distance 

 

 



Ground Motion Amplifications 



Depends on:  

• Dynamic soil characteristics (i.e. shear modulus, shear 
wave velocity, damping ratio)  

• Soil layers and thickness  

• Ground Motion intensity 

 

Ground Motion Amplifications 



Site Effects on Ground Motions  

• Soil profile acts as filter  

• Changes in frequency content of motion 

• Amplification or de-amplification of ground motions 

• Duration of motion is increased  

 

Ground Motion Amplifications 



Ground Motion Amplifications 

NEHRP 2003, modified from Borcherdt 1994 



Ground Motion Amplifications 

Site Classification, NEHRP, ASCE 7, IBC, 



Ground Motion Amplifications 

Site Coefficients 

ASCE 7-05 



  

 

Fault Rupture 



  

 

Fault Rupture 



  

 

Fault Rupture 



  

 

Fault Rupture 



Liquefaction 

Liquefaction Traps Christchurch 
Resident! 

www.abc.net.au/news/2011-06-

15/liquefaction-traps-christchurch-

resident/2759046 



Liquefaction 

Liquefaction involves the substantial loss of shear strength in 
saturated soil caused by the rapid increase in pore water 
pressure when subjected to impact by seismic loading.  

• Bearing capacity failure 

• Ground loss (sand boil)  

• Excessive settlement (especially differential settlement) 

• Lateral spreading 

• Floatation 

• Increased lateral pressure 

 



Liquefaction 



Liquefaction 
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Liquefaction – Bearing Capacity Failure  



Liquefaction – Sand Boil 

www.telegraph.co.uk/news/pictureg

alleries/picturesoftheday/8351875/

Pictures-of-the-day-28-February-

2011.html?image=9 



Liquefaction – Sand Boil 

Initial Stage of Sand Boil 



Liquefaction – Differential Settlement  



Liquefaction – Differential Settlement  

www.geerassociation.org/GEER_P

ost%20EQ%20Reports/Baja%20Ca

lifornia_2010/Baja10_Ch05.html 



Liquefaction – Lateral Spreading 



Liquefaction – Lateral Spreading 



Liquefaction – Lateral Spreading 

www.geerassociation.org/GEER_P

ost%20EQ%20Reports/Baja%20Ca

lifornia_2010/Baja10_Ch05.html 



Liquefaction – Flotation 



Liquefaction – Flotation 



Liquefaction – Increased Lateral Pressure 

• Also, liquefied soils will generate higher lateral 
pressures on the embedded walls.  

• The liquefied soils can be treated as a heavy viscous 
fluid exerting a hydrostatic pressure on the wall. The 
viscous fluid has the total unit weight of the liquefied 
soil.  

• If unsaturated soil is present above the liquefied soil, it 
is treated as a surcharge that increases the fluid 
pressure within the underlying liquid soil.  

• May even consider Hydrodynamic effect. 



Seismic Slope Stability 

Kh 



Seismic Slope Stability 



Seismic Slope Stability 



Seismic Slope Stability 

This landslide at Salmon Beach 

triggered by the Nisqually 

earthquake (2001) destroyed 

the houses that survived in 

1949 

 

This landslide into 

Tacoma Narrows 

occurred 3 days after the 

1949 earthquake and 

generated an 8 ft tsunami 

at Gig Harbor that 

reflected back and 

drowned all of these 

houses 3 ft deep 

Washington Department of Natural Resources 

Division of Geology and Earth Resources 



Seismic Slope Stability 



Tsunami 



Tsunami Damage  



Tsunami Damage  



Tsunami Damage           Floating Debris  

 



Questions? 


