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ABSTRACT: 

 

Geophysics testing techniques are commonly adopted to obtain in-situ small strain 

shear stiffness for seismic response analysis.  The measured soil shear wave velocity 

can be used to determine the natural site period.  A comprehensive field study has 

been carried out to determine the small strain soil properties in the North-west region 

of Hong Kong by using different geophysics testing techniques, such as down-hole 

seismic, PS suspension logging, cross-hole seismic, microtremor tests and multiple 

channel analysis of surface wave (MASW).   

 

In this paper, the geophysics testing methods used in the study are introduced.  The 

merits and drawbacks of the different techniques as applied to various ground 

conditions, including data quality and site constraints, are discussed.  Based on the 

measured site periods, site classification and the corresponding design ground surface 

response spectra are determined by reference to the Australian Standard AS1170.4 and 

the International Building Code (IBC).  The response spectra are compared with the 

results of the one-dimensional site response analysis carried out using computer 

program Oasys SIREN.     
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1. INTRODUCTION 

 

A pilot seismic microzonation study in the North-west New Territories of Hong Kong 

was completed by Arup (2012), supported by the Guangdong Engineering Earthquake 

Resistance Research Institute (GEERRI), for the Geotechnical Engineering Office 

(GEO) of the Civil Engineering and Development Department in Hong Kong.  In the 

study, 27 vertical boreholes consisted of various types of geophysics tests were 

carried out in the study area to investigate the soil dynamic properties.  At some 

locations, more than one type of geophysics tests were carried out to determine the 

soil shear wave velocity (VS) profiles for comparison purposes.  In this paper, the 

adopted geophysics tests are introduced and their limitations discussed.  The 

measured soil VS profiles are used to determine the site classifications by reference to 

the Australian Standard AS1170.4 and International Building Code (IBC).  This is to 

check if different code methods would result in changes of the site classes.  

Site-specific response spectrum analyses are also carried out to compare the period 

dependant spectral ratios with those inferred by the codes.   

 

2. IN-SITU GEOPHYSICS TESTS   

 

Geophysics tests were carried out in 27 vertical boreholes within the study area (see 

Figure 1).  The following five types of geophysics techniques had been carried out 

(Fugro, 2009) at various site locations: 

 

� Down-hole seismic (19 nos.) 

� PS suspension logging (17 nos.) 

� Cross-hole seismic (1 no.) 

� Multi-analysis of Surface Wave (MASW) (20 nos.) 

� Microtremor (60 nos.) 
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Figure 1   Geophysical field test locations 

 

Eight site locations were selected in this study and they are generally covered with  

1.5 m to 5.5 m thick fill, underlain by 1.5 m to 12 m thick estuarine deposit or 

alluvium, followed by 16 m to 100 m thick highly to completely decomposed granitic, 

volcanic or sedimentary rocks.  The depths to bedrock range from 24 m to 120 m.  

The merits and drawbacks of the different geophysics techniques as applied to various 

ground conditions, including data quality and site constraints, are discussed in the 

following sections.   

   

2.1 DOWN-HOLE SEISMIC TEST 

 

Down-hole seismic test requires a vertical borehole with a diameter of 90 mm PVC 

pipe installed within the borehole.  Grouting is used to fill the gap between the 

borehole and the PVC pipe, since shear waves cannot travel in fluid medium.  A 

seismic source is generated by hammering a rigid block fixed on the ground surface 

(Figure 2a) and the resulting shear wave is detected by a geophone within the vertical 

borehole at various depths (Figure 2b).  By changing source polarisation, the arrival 

time of shear wave could be identified.  The soil VS profile is calculated from the 

arrival time and wave travelling distance.  This testing method is limited by the 

travelling distance of the generated source.  Also, when the measurement is located 

below a rock layer, only a weak signal of shear wave is received due to high stiffness 

of rock mass and hence, a low quality of data may be resulted.  More discussion on 


