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Comparison of Darfield and 
Christchurch Ground Motions



• Motions from both events at 
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Comparison of Observed 
Motions and Motions from NGA‐Motions and Motions from NGA

W1 GMPEs: Darfield
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Comparison of Observed 
Motions and Motions from NGA‐Motions and Motions from NGA

W1 GMPEs: Christchurch
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Sensitivity of Predicted T=5 s PSA 
to sediment depth and toto sediment depth and to 

magnitude
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Vertical MotionVertical Motion



(Fry et al., 2011)



(Bradley & Cuprinovski, 2011)



Effects Producing Spatial Variability inEffects Producing Spatial Variability in 
Ground Motions

•Source: Radiation Pattern & Directivity
•Path: volcanic vs sedimentsPath: volcanic vs sediments
•Basin Waves
•Sediment Depth
•Shallow Site Response

•Linear
N li•Nonlinear
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Evidence for Nonlinear Soil 
Response
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Negative vertical accelerations are “clipped”.  This may be due to a 
different nonlinear process than that producing the cusps shown in the 
previous figures.

(Fry et al., 2011)

p g



Conclusions
• M 7.0 Darfield and M 6.1 Christchurch motions similar 

for close distances, short periods
• M 7.0 Darfield motions higher than M 6.1 Christchurch 

motions for longer periods (as expected from the 
difference in magnitudes)

• Site response not too obvious, but this may be because 
of the different spatial distributions of the site classes 
(most close sites are class D)

• Observed motions influenced by many effects, 
including
• Lateral changes in geology
• Local linear and nonlinear site response

B i (?)• Basin waves (?)

• GMPEs are in reasonable agreement with observations 
for close distances, short periods

d di l i d i i• GMPEs underpredict longer period motions, using 
metadata in current NGA‐W2 flatfile
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From B. Chiou, Source: GNS 
Science
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Directivity Effect and Velocity Pulse
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0282 Christchurch, New Zealand
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Fault RuptureFault Rupture

• Reverse faulting on a buried faultReverse faulting on a buried fault
• Assumed fault plane

St ik 68° (f USGS CMT)– Strike = 68° (from USGS CMT)
– 65 ° dip, to the south

( )– Top of rupture is at 2 km depth (assumed)
– Bottom of rupture is at 12 km (assumed)
– Rupture length ~ 15 km (length of the aftershock 
zone). 

(from B. Chiou)
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