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Seismic Cone Downhole Procedure to
Measure Shear Wave Velocity

The document is structured to give a
minimum standard guideline.

It iIncludes comments and additional
INformation and enhancements that can

Improve the quality of data and/or aid
Interpretation of the data.
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Seismic Downhole Test in Dry Mixed-In-
Place Column
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Seismic Tomography

Inclined down-hole measurements with different
source locations.



Connecting Accelerometer
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Load Sharing between Soil and Columns




Load transfer from embankment to soill
stabilized by columns.




Stress-Strain Behaviour of Solls

Shear Strength
Modulus

Deformation Deformation




Typical Loading Rate during Testing

CPT |

Cross-hole

Cyclic shear /T

Dynamic penetrometer N

Dynamic plate load I
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Seismic refraction
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Static pile test

Static plate load I
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Unconf. compression I
Vane test N
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Typical Loading Rate During Testing

CPT

Cross-hole

Cyclic shear
Dynamic penetrometer
Dynamic plate load
Fall-cone

Oedometer
Pressuremeter
Resonant column
Seismic refraction
SPT

Static pile test

Static plate load
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Unconf. compression

Vane test
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* Field vane tests
© Triaxial tests

X Direct simple shear tests
o Field loading tests

Sources:

Bozozuk (1963}
Bozozuk and Leonards (1972}
D'Appolonia, Poulos, and Ladd {1871)

" DiBiagio and Stenhamar (1975)
Hansbo (1960)
Holtz and Holm {1879)
Ladd and Edgers (1972}
LaRochelie and Lefebvre (1971)
Raymond, Townsend, and Lojkacek (1971)
Simons (13/4)
Tavenas, Chapeau, LaRochelle, and Roy (1974)

Plasticity Index, PI




Determination of Small-Strain Soil Modulus
from Seismic Test

Small-Strain
Shear Modulus

Gex = £ Cs
Confined Modulus

M, . =2 Cs
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Reduction of Shear Modulus with
Strain
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Shear Strain
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Modulus Reduction with Shear Strain

Modulus Reduction Factor, Rm
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Vibration Amplitude
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Determination of first arrival time and time

Intervals
Distance between sensors: 5 m

Time interval: 19 ms
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Seismic Field Tests

CLAY

T, = 15 kPa
w =380 %

c. =40 m/s

Gmax — 29 MPa Gmax — CSZ IO

G {Ry)Gya

R; = 0,35 at 0.5 % shear strain
G, ., = 1.0MPa

max

DM COLUMN

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

¢, = 250 - 350 m/s

G,.... =165 MPa

max

R; = 0.35 at 0.5 % shear strain
G, .« = 28 MPa

max



Seismic Field Tests

Soft Clay

T, = 15 kPa
w =380 %

c. =40 m/s

G
2%

R = 0,35 at 0.5 % shear strain
G = 1.0 MPa

max

Dry Mixed-in-Place Columns
50% Lime/cement
LC-content 22 — 44 kg/m

¢, = 250 - 350 m/s

—_ 2
w=29MPa G __ =C2p

6 <Ro S

G,.... =165 MPa

max

58 times higher

R = 0.35 at 0.5 % shear strain
G = 28 MPa

max



Relationship between the normalized shear
modulus at small strains, Gmax and the
water content
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Modulus reduction factor, R, as function of
the plasticity index, Pl at three strain levels
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Modulus Esy (MPa)

Relationship between Unconfined Compressive

Strength, q, ., and Modulus of Elasticity, E,.
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Modulus Reduction

Reduction of compression modulus from
field load tests on LC columns
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Signal from reverse impact test (depth
Interval 2.5 to 5.5 m) In column
(156 kg/m3), 41 days after installation

-----------------------------------------------------------




Shear modulus determined on clay sample at
two different confining stresses.
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Determination of the shear wave velocity
by cross-correlation of the signal
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Variation of shear wave velocity with time,
determined in-situ by down-hole tests and
In the laboratory by bender element tests
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Variation of shear modulus Gmax with time
after installation of LC columns
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Shear Modulus, MPa
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Shear modulus determined from triaxial
tests within shear strain range of 0.5 to 6 %
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Decrease of shear modulus with shear

strain for triaxial and direct shear tests
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Shear strength of samples from LC
columns determined by triaxial and direct
shear tests
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