
Ground shaking attenuation Ground shaking attenuation 
relationsrelations



Felt Reports from the Lawson, 1908 report

Learned that ground Learned that ground 
shaking function of shaking function of 
distance from fault distance from fault 
source.source.
Learned that soft soils Learned that soft soils 
amplified ground amplified ground 
shaking.shaking.



Predicted ground motions for the 1906 earthquake (Boatwright and Bundock, 2005)

Ground motions can be Ground motions can be 
simulated using complex simulated using complex 
finite fault rupture finite fault rupture 
models and shallow site models and shallow site 
conditions.conditions.
Simulations are used in Simulations are used in 
the Eastern U.S.the Eastern U.S.
These ground motions These ground motions 
can be converted to can be converted to 
intensity but the intensity but the 
uncertainties are high.uncertainties are high.



Seismic hazard map for 2% probability of exceedance in 50 years including site conditions.

Maps for public use.Maps for public use.
Soils considered, but we Soils considered, but we 
used the 1hz ground used the 1hz ground 
motion that would show motion that would show 
amplification in soft amplification in soft 
soils.soils.



1 Hz spectral acceleration with 2% probability of exceedance in 50 years

%g

including 3-d basin effects 
linear amplification 
factors for fill and 
Holocene alluvium

%g

Includes rupture Includes rupture 
directivity, basin directivity, basin 
response, shallow soils.response, shallow soils.
Issues with high Issues with high 
frequency ground frequency ground 
motion; basin edge effect motion; basin edge effect 
((focussingfocussing), hanging wall ), hanging wall 
effects.effects.



Two types of Attenuation RelationsTwo types of Attenuation Relations

High Q (inside the plate)High Q (inside the plate)
Low Q (Next to plate boundary)Low Q (Next to plate boundary)



Ground Motion Data (High Q)Ground Motion Data (High Q)



Types of models used in Types of models used in 
development of High Q ground development of High Q ground 

motion relationsmotion relations
SimulatedSimulated
Hybrid Hybrid –– Use empirical and simulatedUse empirical and simulated





ENA stress drops, ENA stress drops, 
based on highbased on high--

frequency spectral frequency spectral 
level.  Mean = 140 level.  Mean = 140 

bars.bars.



HighHigh--frequency spectral level depends on frequency spectral level depends on 
stress drop (as in pointstress drop (as in point--source model)source model)



Stochastic finite Stochastic finite 
fault model fault model 

(Silva; (Silva; BeresnevBeresnev
and Atkinson; and Atkinson; 

MotazedianMotazedian and and 
Atkinson, 2005Atkinson, 2005))



The Hybrid Empirical Method (HEM)The Hybrid Empirical Method (HEM)

Applied by adjusting empirical ground motion Applied by adjusting empirical ground motion 
relations from one region (Host) to represent ground relations from one region (Host) to represent ground 
motion characteristics in another region (Target)motion characteristics in another region (Target)

Ken Campbell 2006



2002 Equations



Aleatory Variability - 1 Hz SA
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Subduction zonesSubduction zones







Low Q (highly attenuating)Low Q (highly attenuating)



New Ground motion models for New Ground motion models for 
Low Q regionsLow Q regions

Ground motion modelGround motion model
Provide a model for median ground motionProvide a model for median ground motion
Provide a model for aleatory uncertainty Provide a model for aleatory uncertainty 

Ground motion parametersGround motion parameters
Horizontal components (Geometric mean, FN, FP)Horizontal components (Geometric mean, FN, FP)
PGA, PGV, PGD (optional)PGA, PGV, PGD (optional)
Spectral acceleration (minimum of 20 periods from 0 Spectral acceleration (minimum of 20 periods from 0 ––10 10 
s)s)

Applicable magnitude rangeApplicable magnitude range
Use moment magnitudeUse moment magnitude
5.0 5.0 –– 8.5 (strike8.5 (strike--slip faulting)slip faulting)
5.0 5.0 –– 8.0 (reverse faulting) 8.0 (reverse faulting) 



Applicable distance rangeApplicable distance range
Select preferred distance measureSelect preferred distance measure
0 0 –– 200 km 200 km 

Style of faulting (fault mechanism)Style of faulting (fault mechanism)
Strike slipStrike slip
ReverseReverse
NormalNormal

Site classificationSite classification
Select preferred site classification schemeSelect preferred site classification scheme
Need not include Need not include ““very soft soilvery soft soil”” (NEHRP E)(NEHRP E)
Provide translation to NEHRP site categoriesProvide translation to NEHRP site categories



NGA Project DatabaseNGA Project Database

NGA strongNGA strong--motion motion 
database:database:

172172 worldwide worldwide 
earthquakesearthquakes
1,4001,400 recording recording 
stationsstations
3,5003,500 multimulti--
component strongcomponent strong--
motion recordingsmotion recordings
Over 100Over 100 parameters parameters 
describing source, describing source, 
path, and site path, and site 
conditionsconditions
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C&B06 vs. C&B03 C&B06 vs. C&B03 –– SS, NEHRP BSS, NEHRP B--CC
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C&B06 IntraC&B06 Intra--event Residuals event Residuals 
by Regionby Region
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