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FROM MOLECULES
TO WETTING






Electrical Forces (ions and molecules)
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Electrical Forces (ions and molecules)
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Minerals
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Contact Angle cos =" =1
O ow
. . Water Paraffin Silicone | Lubricant | Isopropyl
(in air) oil oil oil Alcohol
Calicite 49.6 +7.9 | 8.8+1.8 ~0 22.4+2.3 | 22.91+3.8
Quartz 13.1 £2.0 ~0 ~0 7.5t1.4 ~0
Biotite 32.6 £2.9 ~0 ~0 7.0£1.5 9.5+1.4
Muscovite 16.6 +3.5 ~0 ~ 0 9.9+2.4 ~0




Film Breakage (oil and water)
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Time for Film Breakage
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Time for Film Breakage
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INTERACTING MENISCI



Droplet in Capillary Tube




Droplet in Capillary Tube




Droplet in Capillary Tube

stable ?



Contac angle: GraVity Water and borosilicate tube
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Contact angle: Pressure gradient

Failure, bubble moves

Failure, bubble moves
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Displacement (mm)

AC Fluid Pressure: Relaxation

isopropyl alcohol drop
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AC Tube Vibration: Resonance
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Relative viscosity (dynamic/static)
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SPATIAL VARIABILITY



Advancing a Non-wetting Fluid

Pore network

N.. <10 constant irreducible saturation
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Advancing a Non-wetting Fluid

pore size decreases with depth (e.g., volcanic ash soils)

AR 2 2 T 2

Ncap<10” dark - Oil-invaded pores



Advancing a Non-wetting Fluid
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pore size increases from left to right

Ncap<10” dark - Oil-invaded pores



-wetting Fluid

Advancing a Non

random pore size distribution

v

'

Ncap<10” dark - Oil-invaded pores



-wetting Fluid

Advancing a Non
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Ncap<10” dark - Oil-invaded pores



Advancing a Non-wetting Fluid
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SATURATION REGIMES



Saturation Regimes:

Dry S=0 Degree of saturation Saturated S =1.0

Pendular Funicular
w< ~8%

-

Air entry



Saturation Regimes:

Dry S=0 Degree of saturation Saturated S =1.0

Pendular Funicular
w< ~8%

-

Air entry

Air
percolation

Continuous gas phase




Saturation Regimes:

Dry S=0 Degree of saturation Saturated S =1.0

Pendular Funicular
w< ~8%

-

Air entry
Continuous gas phase Air
percolation
Water Continuous water phase
percolation
water pressure Through vapor By pressure

homogenization: pressure diffusion



Saturation Regimes:

Dry S=0 Degree of saturation Saturated S =1.0
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PARTICLE FORCES



Particle Forces
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Particle Forces
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Particle Forces — Spherical Particles
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Force Balance: Deformation & Strength
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Force Balance: Deformation & Strength
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Inter-particle capillary forces
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Size and Surface - Surface Phenomena
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Capillary forces
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Effective stress ...where?
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STRAIN REGIMES



Strain regimes
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High energy losses Strain localization



Threshold strain for menisci failure
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Threshold strains - Ranges
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Thixotropy

S =40% (Funicular)
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SMALL-STRAIN
SKELETAL STIFFNESS



Drying — Unsaturated media
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Inter-particle capillary forces
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Drying — Unsaturated media
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STRAIN LOCALIZATION



Case: Dilative drained

Soil: Sandboil sand
Mechanism: Dilatancy, buckling
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Case: Contractive undrained

Soil: Ottawa 20-30 sand

Mechanism: Irregular high u,,
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Case: Unsaturated soil

Soil: 90% Ottawa F110
10% kaolin

Preparation:
moist-tamped (loose)
saturation
air percolation (until target S%)
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LIQUEFACTION



P-Waves:
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S-Waves: Effective Stress V.-« [ ™%} “'y]B




An Impact: S-wave Signature Evolution

S wave received at bottom element

Before Impact
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An Impact: S-wave Signature Evolution
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An Impact: S-wave Signature Evolution
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S wave received at bottom element
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An Impact: S-wave Signature Evolution

S wave received at bottom element
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An Impact: S-wave Signature Evolution

S wave received at bottom element

t= 73ms

0 10 20 30 40 50 60 70 80 90 100



An Impact: S-wave Signature Evolution
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S wave received at bottom element
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An Impact: S-wave Signature Evolution

S wave received at bottom element
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An Impact: S-wave Signature Evolution

S wave received at bottom element
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An Impact: S-wave Signature Evolution

S wave received at bottom element

t=281ms
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An Impact: S-wave Signature Evolution

S wave received at bottom element

t= 355ms
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An Impact: S-wave Signature Evolution

S wave received at bottom element
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An Impact: S-wave Signature Evolution
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An Impact: S-wave Signature Evolution
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An Impact: S-wave Signature Evolution
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An Impact: S-wave Signature Evolution
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An Impact: S-wave Signature Evolution
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An Impact: S-wave Signature Evolution
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Shear Wave Signals - Saturated Soil
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Shear Wave Signals - UNsaturated Soil
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Multiple Liquefaction

Excess pressure head [cm]
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Liquefaction in Unsaturated Soils S<1

Excess pressure head [cm]
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UNSATURATION OR
CEMENTATION?



Pampean Loess
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Pampean Loess: saturation
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Colombian Volcanic Ash Soils
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Colombian Volcanic Ash Soils
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MACRO
IMPLICATIONS...




lant Desiccation Cracks
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Percent finer by weight .

Moisture Content w= 13% - exposed
Shear Wave velocity V.= 144-to-158 m/s

Grain Size Distribution:

100

90 -
80 - /
70

60 L
50

. /
20 /’/
10 T‘/w -

0 ‘

0.01 0.1 1
Diameter in mm




Crumb test:

it breaks down when submerged (not completely)

it releases colloidal cloud => dispersion

: . crumb test



GDC in Texas
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and God made man of mud...

(L_eonar'do da*Vinci)



it

Losd

e s s

b

o el

%
Ay

¢
ik

Ry
-




	Collaborators
	FROM MOLECULES TO WETTING
	INTERACTING MENISCI
	Droplet in Capillary Tube
	Droplet in Capillary Tube
	Droplet in Capillary Tube
	Contac angle: Gravity
	Contact angle: Pressure gradient
	Contact angle: Pressure gradient
	AC Fluid Pressure: Relaxation
	AC Tube Vibration: Resonance
	Biot solution
	SPATIAL VARIABILITY
	SATURATION REGIMES
	PARTICLE FORCES
	Capillary forces
	STRAIN REGIMES
	SMALL-STRAIN SKELETAL STIFFNESS
	STRAIN LOCALIZATION
	LIQUEFACTION
	S-Waves: Effective Stress
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	An Impact: S-wave Signature Evolution
	Shear Wave Signals - Saturated Soil
	Shear Wave Signals - UNsaturated Soil
	Multiple Liquefaction
	Liquefaction in Unsaturated Soils S<1
	UNSATURATION OR CEMENTATION?
	Pampean Loess
	Pampean Loess: saturation
	Colombian Volcanic Ash Soils
	Colombian Volcanic Ash Soils
	MACROIMPLICATIONS…
	Giant Desiccation Cracks
	GDC in Texas

