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Obijectives

. The effect of external stress and pore pressure on the wave
velocities.

. Stress-strain behavior of unconsolidated sand-clay lithology.

. The effect of clay contents on wave velocities and porosities.

. Change of Anisotropy with applied stress and lithology.

. Reflection coefficient on various lithological Interfaces.

. Wave velocities guide to lithological identification.

. The effective stress coefficient, stress sensitivity and strain

sensitivity parameter.




Sand: Ottawa sand
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Test Plan
(Uniaxial strain setup)

mm—=Stress in MPa
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Strain Hysteresis
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Change of porosity with increase in clay content

POROSITY (%)
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Vertical P-wave velocities versus clay content
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Vertical S-wave velocities versus clay content

Increase stress
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P-wave velocity anisotropy versus clay content
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The P-wave anisotropy with net vertical
stress for different lithologies
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Vertical P-wave velocity versus vertical S-wave
velocity to distinguish different lithologies
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Velocity Model for pure unconsolidated sand

Best fit for the brine saturated unconsolidated pure sand at low vertical stress
(=10.0 MPa) where fitting parameter R2=0.99.
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Effective stress coefficient

——

Vp,s = f(G’Pf)

V,s is the P-wave and S-wave velocity and o is the external
stress and P, is the pore pressure.
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n is the effective stress coefficient, v is the wave velocity of interest,
O, is the vertical stress and

P, is the pore pressure. E




Change of Velocity due to external
stress and pore pressure change

(without considering effective stress coefficient)
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Change of Velocity due to external

stress and pore pressure change
(considering effective stress coefficient)
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Effective stress coefficient with clay content

=1 for axial P-wave

=1 for axial S-wave

\
-
-
w
w
-
-
Y
-
J
-
=
=
Y]
>
J
n
n
Y
-
w
n
Y
>
:
J
Y
-
=

40 60

Clay content (Volume percent)




S for different waves type and consolidation state

as function of clay content
(only Oedometer test data)
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The stress sensitivity in pure sand and sample with 50
vol% clay contents as a function of stress path
(only Triaxial data used)
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R for different waves type and consolidation state

as function of clay content
(only Oedometer test samples)
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R as a function of stress path
(only Triaxial data used)
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A transition between clay and sand bearing lithologies occur around 30 — 40 %
clay content, resulting in a minimum porosity and a maximum in P- and S-wave
velocities.

With presence of clay, intrinsic velocity anisotropy occurs at low stress, indicating
textural ordering of clay minerals.

In all samples, velocity anisotropy decreases with increasing stress.

< In pure sand, the anisotropy is negative and purely stress induced.

< P-wave anisotropy in pure clay is lower than in samples with 40-75 volume
percent clay!

Stress and Strain sensitivities depend on loading history, clay content and stress
path.

% The effective stress coefficient controlling velocities decrease with increase
in clay content.
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