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In Situ soil testing methods



Geophysics



Useful Geophysical TechnologiesUseful Geophysical Technologies

• Electrical Resistivity Imaging
• Seismic Refraction
• MASW
• Resistivity & Gamma ray logging
• VSSP
• Borehole seismic imaging



Apparent Resistivity = Electrode Geometry x Resistance

Resistivity Field Operations





Silts and clays
low resistivity

Electrical Resistivity Image Section showing 
repeated crossings of shallow and deep 
channels 

Schematic of 
meandering 
channels

Sands/gravels 
high resistivity



Highway duplication on soft soils

ERI Lines



ERI field operations minimise environmental impacts during investigations 



Mapping base of Holocene Clays 



Geophysical or Wireline Logging



Gamma Ray Logging 





• Seismic Refraction
• Multiple Analysis of Surface Waves 



Soils



Strong sandstone

Soils & weak 
sandstone

Old quarry fill

De-watering 
near borehole

Some seismic images of fill
Seismic images of soils and weak 

sandstone

Gore Hill Freeway, Sydney



Soils



Rayleigh (R) wave motion

http://www.kettering.edu/~drussell/Demos/waves/wavemotion.html

Counterclockwise elliptical
motion at surface
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Pure vertical motion
at about 1/5 wavelength

Clockwise motion at depth



Landstreamer acquisition



Shear wave velocities from RShear wave velocities from R --waveswaves
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>900Rock 

500 to 900Very Stiff soils

200 to 500Stiff soils

100 to 300Soft soils

<100Very soft soils

S-Wave Seismic Velocity (m/s)Geotechnical Classification



Combining Seismic Refraction & MASW  Technologies



Material Property Determinations 
with Downhole Geophysics



Seismic Cone 
Penetrometer (SCPTu)



Vertical Seismic 
Shear Wave 
Profiling (VSSP)

Crosshole Shear 
Wave Testing 
(CHST)



85 - 100>50Very Dense

65 - 8530 - 50Dense

35 - 6510 - 30Medium 
Dense

15 - 354 - 10Loose

<15<4Very Loose

Relative Density 
(%)

(Lab.)

SPT N-value
(Field)

Geotechnical 
Classification

Geotechnical classifications in soils & fills

SPT 
Test

N = Number of blows to drive 
a split-sample tube  30 cm 
into the ground



Very loose to loose Dense to med. dense

SPT N-Value and S-wave 
velocity in gravels & sands 
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BH2

VSSP field-setup



BH2
BH4

BH5



Measured N-value from SPT

Predicted N-value from 
S-wave velocity

Loose

Medium 
dense



>1680Very dense>50

730 - 1680Dense30 - 50 

520 - 730Medium 
dense

10 – 30

430 - 520Loose4 – 10

<350 - 430Very loose0 – 4

P-Wave 
Velocity (m/s)

Geotechnical 
Classification

SPT N-
value

Material Parameters: Unsaturated Sands, Silts & Fills

P-wave velocity  and saturation

99.4% A100%



Impact source

Site Uniformity Borehole Seismic (SUBS) Testing

borehole

Raypath diagram 
– uniform earth



Combined P-wave SUBS seismic image

BH2 BH4 BH5

2m

30m

Loose to medium dense High to full saturation


