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Overview 

• Deep geophysical and geotechnical characterisation of 
the Canterbury Plains 
– Shear wave velocity profiles 

– Site period 

 

• Combine with other studies to provide a better 
understanding of ground motions recorded during CES 
and forward modelling of future events 

 

• Assess NZS1170.5 framework and other international 
site classification approaches 

 

• Application of best practice surface wave investigation 
techniques in New Zealand 

 

 

 

 



Canterbury Geology  

(Forsyth et al. 2008) 



Investigations 
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Shear Wave Velocity Testing at each Site 

To develop the Vs profiles at each site a combination of Active (MASW) and Passive 
(MAM) surface wave techniques, and HVSR will be utilized.  
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Shear Wave Velocity Testing 

MASW 

Active Source MASW using Rayleigh 
and Love Waves and P-wave Refraction 

4.5 Hz 
Vert/Horz 

Geophones 
(24-48) 

2-5 m 

• Linear array of 24-48 
4.5-Hz vert/horz 
geophones  

 
• Equal spacing of 2m 

(94 m long array) 
 
• Four different 

source-offset 
locations (5, 10, 20 & 
40m) 
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Shear Wave Velocity Testing 

MASW 

Ambient-Wavefield (MAM) and Horz to 
Vert Spectral Ratio (HVSR) Testing 

• Circular Arrays of 10 
broadband 
seismometers (20s T)  

• Array diameters of 
50, 250, 500, and 
1000 meters 

• Recording time of 30-
240 mins per array 

Broadband Seismometer 



8 

Data Analysis Process 
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Inversion Process 
• Geopsy software used for 

inversion 

• Neighborhood search 
algorithm (Wathelet et al. 
2004) 

• Multi-mode, joint inversion of: 

– Rayleigh wave dispersion 
data 

– Love wave dispersion data 

– H/V peak (theoretical 
Rayleigh wave elipicity) 

• 10-20 layer velocity model 
(based on geology and nearby 
boring information) 

• > 2 Million velocity models for 
each analysis 

• Median of top 1000 profiles 
used as site profile 
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Exp Disp Data
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Exp Disp Data
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Low est Misfit Profile

Counted Median

Counted 5% and 95%

1000 "Best" Profiles

Top 50 Profiles

0     0.5

Sigma ln(Vs)

0 200 400 600 800
0

20

40

60

80

100

120

140

160

180

200

Shear Wave Velocity (m/s)

D
e
p
th

 (
m

)



H/V Spectral Ratio 

• Site period estimates based on H/V spectral ratio 

• Broadband seismometers (20 s period +) 

• 30-60 min ambient noise records 

 

• Site period to basement (NZS1170.5 site period) 
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Site Period - Canterbury 



Christchurch Geology 

(Forsyth et al. 2008, Cox et al. 2015) 



Impedance contrasts 

NS Cross 
Section 



Site Period – Gravel 



Site Period – Volcanics 



Site Period – Basement 


