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    Directivity is an effect of a fault rupturing whereby 

earthquake ground motion in the direction of rupture  

propagation is more severe than that in other directions 

from the earthquake source. 

Introduction 
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Predicting ground motions for future earthquakes is a major task for 

seismic hazard assessment. 



Rupture directivity has significant effects on ground motions, 

not only for the larger earthquake, but also in case of 

smaller earthquake. 
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Peak accelerations and epicenter from the M4.2 Piedmont earthquake 

of July 20, 2007. Similar to the other map, the distribution is 

asymmetrical, with higher values in the northwest, along the strike of 

the fault. 



For Small earthquake 

• the 11 May 2011 Mw 5.2 Lorca, Spain, earthquake (Lopez-
Comino et al., 2012), 

• three 2012 moderate earthquakes (M 4.2, M 4.9 and M 5.4) in 
Northern Italy (Convertito and Emolo, 2012) 

• seven 3.5≤M≤4.1earthquakes in November 2002 and 
February 2003 near San Ramon, California (Boatwright, 2007),  

• a large number of small earthquakes (2<M<5) at Parkfield 
(Kane et al., 2013), numerous microearthquakes (M 0.5~3.0) 
on the San Andreas fault (Wang and Rubin, 2011) 

• … 

   What  will happen if the small earthquake selected as Empirical Green’s  

Function  Method for ground-motion simulation? 



Method 
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Two-step stochastic EGF method (Kohrs-Sansorny et al., 2005)  
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Method 
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1.  Fewer input parameters (Seismic moment , stress drop ratio) 

2.  More realistic and significantly different ground motions 

Advantages: 

Disadvantages:  

This method can not account for possible directivity effects 

due to the point-source hypothesis 



Displacement source spectrum platforum is same; corner 

frequency is changed with the spatial location 
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Method 
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Azimuthal apparent corner frequency fa 

How to consider the directivity ? 
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New parameters Na and Ca substitute for N and C 

Smaller earthquake as EGF: 



Strong-Motion Recordings of the 2013 Lushan Earthquake 

The surface fault projection of 

the fault plane was inverted for 

by Wang et al. (2013).  

Although the Lushan 

mainshock did not show a 

dominant rupture direction 

(Zhang et al., 2013), the large 

number of recordings of the 

Lushan aftershocks met the 

engineering requirements for 

determining the directivity 

effect of smaller earthquakes. 
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Triggered strong-motion stations 



Triggered strong-motion stations 



Simulating directivity 
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Rupture directivity ! 



Simulating directivity 

5th IASPEI / IAEE International Symposium, Taipei, Taiwan, 15-17 August, 2016 

Regarding Mw 4.5 earthquake as EGF 

Stress drop was determined according to statistical    

    scaling relations, the stress drop ratio C=2.18 

Source of the Lushan Mw 6.6 earthquake only   

    includes an asperity 



Simulating directivity 
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Ground motions produced by the Lushan earthquake 

were simulated in 200 realizations in two cases. 

The first case was that rupture directivity was not 

considered, a constant fc was used. 

The other case was that varied  fa was adopted to 

consider the rupture directivity  



Simulating directivity 
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PGA 



Simulating directivity 
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Waveform 
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PSA 

Simulating directivity 



Simulating directivity 
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Short-period directivity was simulated well !  

Residual 



Conclusion 
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Rupture directivity mainly exerts significant influences     

on simulated short-period (<2.0s) ground motions 

 
High-frequency directivity is successfully simulated  

using the azimuthal apparent corner frequency  

More significant impacts are exposed on ground  

motions at directive stations 

Rupture directivity of small earthquake can be used as  

a condition to select appropriate recordings as EGF 

1 

2 

3 

4 



Thank you for your listening ! 
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