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ISSMGE TC 10 ISSMGE TC 10 -- SCPT Procedure to SCPT Procedure to 
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Seismic Cone Downhole Procedure to Seismic Cone Downhole Procedure to 
Measure Shear Wave VelocityMeasure Shear Wave Velocity

The document is structured to give a 
minimum standard guideline.

It includes comments and additional 
information and enhancements that can 
improve the quality of data and/or aid 
interpretation of the data.
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SeismicSeismic Downhole Test in Downhole Test in DryDry MixedMixed--inin--
PlacePlace ColumnColumn

Transducers

Source

Amplifier

Oscilloscope
Trigger



SeismicSeismic TomographyTomography

Inclined down-hole measurements with different 
source locations.



ConnectingConnecting AccelerometerAccelerometer



InsertionInsertion ofof AccelerometerAccelerometer intointo
MeasuringMeasuring TubeTube





LoadLoad SharingSharing betweenbetween SoilSoil and and ColumnsColumns
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Load transfer from embankment to soil Load transfer from embankment to soil 
stabilized by columns. stabilized by columns. 



StressStress--StrainStrain BehaviourBehaviour ofof SoilsSoils
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Holtz & Kovacs (1981)Holtz & Kovacs (1981)



DeterminationDetermination ofof SmallSmall--StrainStrain SoilSoil ModulusModulus
from from SeismicSeismic TestTest
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ReductionReduction ofof ShearShear ModulusModulus withwith
StrainStrain
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ModulusModulus ReductionReduction withwith ShearShear StrainStrain
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Determination of first arrival time and time Determination of first arrival time and time 
intervalsintervals

Distance between sensors: 5 m

Time interval: 19 ms

cs: 263 m/s



SeismicSeismic FieldField TestsTests

τfu = 15 kPa
w = 80 %

Gmax = 2.9 MPa

RG = 0,35 at 0.5 % shear strain

GGmaxmax = 1.0 MPa= 1.0 MPa

ccss = 40 m/s= 40 m/s

50% Lime-cement
LC-content 22 – 44 kg/m

ccss = 250 = 250 -- 350 m/s350 m/s

Gmax = 165 MPa

RG = 0.35 at 0.5 % shear strain

GGmaxmax = 58 MPa= 58 MPa

ρ2
max sCG =

maxGRG G=

CLAY DM COLUMN



SeismicSeismic FieldField TestsTests

SoftSoft ClayClay
τfu = 15 kPa
w = 80 %

ρ2
max sCG =Gmax = 2.9 MPa

maxGRG G=

RG = 0,35 at 0.5 % shear strain

GGmaxmax = 1.0 MPa= 1.0 MPa

ccss = 40 m/s= 40 m/s

DryDry MixedMixed--inin--PlacePlace ColumnsColumns
50% Lime/cement
LC-content 22 – 44 kg/m

ccss = 250 = 250 -- 350 m/s350 m/s

Gmax = 165 MPa

RG = 0.35 at 0.5 % shear strain

GGmaxmax = 58 MPa= 58 MPa

58 times higher2%



Relationship between the normalized shear Relationship between the normalized shear 
modulus at small strains, modulus at small strains, GmaxGmax and the and the 

water contentwater content



Modulus reduction factor, Modulus reduction factor, RRmm as function of as function of 
the plasticity index, the plasticity index, PIPI at three strain levels at three strain levels 



Relationship between Unconfined Compressive Relationship between Unconfined Compressive 
Strength, Strength, qqu,colu,col and Modulus of Elasticity, Eand Modulus of Elasticity, E5050. . 
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Reduction of compression modulus from Reduction of compression modulus from 
field load tests on LC columns field load tests on LC columns 



Signal from reverse impact test (depth Signal from reverse impact test (depth 
interval 2.5 to 5.5 m) in column interval 2.5 to 5.5 m) in column 

(156 kg/m3), 41 days after installation (156 kg/m3), 41 days after installation 



Shear modulus determined on clay sample at Shear modulus determined on clay sample at 
two different confining stresses. two different confining stresses. 



Determination of the shear wave velocity Determination of the shear wave velocity 
by crossby cross--correlation of the signalcorrelation of the signal



Variation of shear wave velocity with time, Variation of shear wave velocity with time, 
determined indetermined in--situ by downsitu by down--hole tests and hole tests and 
in the laboratory by bender element tests in the laboratory by bender element tests 



Variation of shear modulus Gmax with time Variation of shear modulus Gmax with time 
after installation of LC columns after installation of LC columns 



Shear modulus determined from triaxial Shear modulus determined from triaxial 
tests within shear strain range of 0.5 to 6 % tests within shear strain range of 0.5 to 6 % 



Decrease of shear modulus with shear Decrease of shear modulus with shear 
strain for triaxial and direct shear tests strain for triaxial and direct shear tests 



Shear strength of samples from LC Shear strength of samples from LC 
columns determined by triaxial and direct columns determined by triaxial and direct 

shear tests shear tests 


