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Terzaghi (1883-1963)

"... Coulomb... purposely ignored the fact
that [soils] consist of individual grains

Coulomb's idea proved very useful as a
working hypothesis .... but it developed
Into an obstacle against further progress

[let’s start] again from the elementary fact
that [soils] consist of individual grains”

Terzaghi (1920, ENR) ¢ W& ygibilimiggiicom
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Mechano-Genesis: Gravels, Sands.f’f‘“eSiIts

crushed granite
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Thermo-Genesis: Ash

TVA Kingston Fossil Plant — 12/22/2008
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Thermo-Genesis: Ash

volcanic ash

Mexico City - Popocatepetl
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volcanoes.usgs.gov ‘Qﬁ( ;




Bio-Genesis: Diatoms

Mexico City - Popocatepetl

The Diatoms —1990



Chemo-Genesis: Clays

kaolinite ilite smectite

S.= 300 m?/g

http://www.minersoc.org
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Particle Forces — Spherical Particles

Skeletal N G'ﬁj
Weight W = (nG.y,, /6]d3
Buoyant U=Vol-y, =(ny, /6 e
Hydrodynamic Farag = 37w\/@
Capillary F.o = nT(d
Electrlca.l . A -

attraction oat?

repulsion Rep = 0.0024 \E e—108t@
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Force Balance: Deformation & Strength
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0% >, fresh water to brine
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Fine-Grained Fabric: Fluid dependent

P H I Silica dissolution - coagulation (pH>8)

I
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kaolinite
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Particle Shape

size d sphericity roundness smoothness

ellipticity..platiness angularity roughness

alignment interlocking surface u

C%Q Q



Coarse Grained: Shape glaGCIENTRSIVA:
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Summary: Genesis = Size — Shape — Forces

chemo-gen  Dlo-gen

‘

mechano-gen -
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— Msand

1+e; +€,

M total

sand fraction:

Sand + Gravel
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Fine + Coarse fines fraction: ® = Mines = e
Mg 1+€c+6€;
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Classification: Fines
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Reactive Fluid Transport

low reaction rate
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Volcanic Ash Soils: Formation

e=0.8-1.5 e=2.0-7.0

S.~0.1-1 m?/g S,=50-t0-200 m?/g

volcanic glass hallosite
imogolite
alophane

K,=1-sing@ K,=?7?



Experimental Results

90% glass bead + 10% NacCl
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DEM Simulation dR/dt=f(N)
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Natural Sediments

seabed

Cartwright (2005)



Precipitation — Pore Habit

at contact surface coating  homogeneous nucleation

heterogeneous nucleation  patchy (ripening) segregated (lenses)



Precipitation — Pore Habit

at contact surface coating homogeneous nucleation

heterogeneous nucleation  patchy (ripening) segregated (lenses)
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Sediment Response During Shear
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Dey

Constant Volume Shear: “Critical State”

Rot. frustration: Coordination 4 Chain Buckling: CoordinationT
Free Frustrated
(high e) (low e)

reduce rotational frustration
avoid contact slip



Constant Volume Friction vs. Roundness

CS friction angle gcv
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Dilatency Angle

contractive

dilative
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Peak Friction Angle

Taylor 1948:

Bolton 1986:

tan¢, =tan ¢, +tany

(I)p =¢,, +0.8y




9,

Residual Friction Angle -very large strains

particle alignment

Size segregation

shape segregation




Residual Friction Angle ¢,
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Platy particles

5 B} Harris et al. 1984
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Precipitation =» ?
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Frictional strength anisotropy
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Semi-log

Classical (1%t order)

Terzaghi & Peck (1948)
Schofield & Wroth (1968)
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Void ratio e []

Void ratio e []
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Small Strain Stiffness

sand — no cement
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Velocity-Stress: Contact + Fabric
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Cementation Controlled BtliEEs
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Sampling
effect
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Pore Size Distribution

Log (dyere/micron)
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. . . Log,,of cell count per ml of sediment
Bioactivity?
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Pore Network

COV(R?)=0.49

(Poiseuille flow)

Log (dyere/micron)

COV(R?)=1.26 COV(R?)=1.95

Uncorrelated

Correlated

preferential flow along interconnected large pores



Permeability during compression

Hydraulic conductivity k [cm/s]
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Forcing Gas Into Sediment




Gas-Driven Fracture
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Invasion vs. Localization

INVASION LOCALIZATION
Fluid invasion Lenses
Crystal growth in pores k. _2moy Fractures
Hyd.: patchy saturation N c'd Hyd.: lenses
- } } i >
0.1 1.0 10

coarse grained soils
high effective stress

fine grained soils
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Mona Lisa
Leonardo (1503 - Qil)



Repetitive Loads

Leonardo (1452- 1519)




Instability =» Localization

Strain localization
shear band
compaction band

Grains migration
clogging

piping erosion
sand production

Fluids
viscous fingering
density tears

Fluid-driven
desiccation cracks
gas or oil-driven
hydraulic fracture

Lenses
ice & hydrate

Dissolution
shear in contraction
piping & wormholes
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