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Strong 3D Vibration  

Strong 
3D 

vibration 
observed 

The M 8.0 
Wenchuan 

earthquake in 
China in 2008 

The M 8.8 
earthquake in 
Chile in 2010 

The M 9.0 
earthquake in 

eastern 
Japan in 2011 

Jin & Liao (1997) 

Takahiro et al.（2000） 

 Oblique incidence is a quite common seismic wave 
incident condition, particularly in near-field strong 
earthquake. 
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Effect of P-waves 
 The great effect of P-waves should not be overlooked 

in strong near-field earthquakes, particularly in 
unsaturated soil foundation.  
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Dynamic Stress Path 
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 The stress path under incident P-waves is proved 
mathematically to be an oblique ellipse in the plane of 
normal stress difference and horizontal shear stress 
herein. 
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Analysis Method 
2 2
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The 3 characteristic 
parameters of any 

elliptic stress path are θ, 
δ(= Lb/La), and La. 

3 independent factors affecting 
elliptic stress path 

incident angle α, Poisson’s 
ratio μ, the depth 

corresponding to unit 
wavelength zf / vs JZ
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Nearly vertical incidence 
1°,  5°,  10° 

Oblique incidence 
30°,  45°,  60° 

Nearly horizontal incidence 
80°,  85°,  89° 

Magnitudes of Dynamic Stresses  

The most 
dangerous 
situation 
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Conclusions 
 We reveal the fundamental characteristics of a 

dynamic stress path under obliquely incident P-
waves as an oblique ellipse in the plane of normal 
stress difference and horizontal shear stress.  

 We identify factors affecting the stress path, 
including the incident angle, Poisson’s ratio, and 
depth corresponding to unit wavelength.  

  The most dangerous incident angle of P-wave is 
within the range 30°~60°, the induced dynamic 
deviatoric stresses will reach their maximum value.  

 In particular, when Poisson’s ratio is 0.48, the stress 
amplitudes are more than twice those under other 
incident angles. JZ
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