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Desiccation Cracks
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Polygonal Faults in Marine Sediments
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C

CO2Fossil Fuel: 90%

image – google-earth
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Depleted gas reservoirs
Oil reservoirs (depleted or EOR)
Deep coal beds
Salt caverns
Hydrates
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Relative Length Scales: Tunnels
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Relative Length Scales: Fractures
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Discontinuities in SOILS

• Granular materials

• σ′ dependent stiffness, strength, dilation

• Frictional τult= σ′ tanφ 

• No cohesion σ′ ≥ 0 everywhere• No cohesion σ′ ≥ 0   everywhere

Effective stress compatible mechanisms

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

Coulomb's idea proved very useful as a workingCoulomb s idea proved very useful as a working 
hypothesis …. but it developed into an obstacle 
against further progress as soon as its 
hypothetical character came to be forgotten by 
Coulomb's successors. 

The way out of the difficulty lies in dropping theThe way out of the difficulty lies in dropping the 
old fundamental principles and starting again 
from the elementary fact that [soils] consist of 
individual grains"

Terzaghi (1920)



3/17/2011

8

Particle Forces F=ma
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Particle Forces – Spherical Particles
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Force Balance: Capillary Force

Skeletal

Weight

μN

mN

Att

Fcap

WN 100 kPa

fo
rc

e

Buoyant

Hydrodynamic

Capillary

Electrical

attraction nN

μm mm

diameter d

attraction

repulsion

Cementation



3/17/2011

12

Force Balance: Viscous Drag
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critical fines 
content FC*

Grain Size Distribution: The Role of Fines

(for mechanical properties …)
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Low P High P

Gas-H2O Interfacial Interaction
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Surface Tension = f(P)
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Crack Initiation: Capillary Forces

1D Consolidation~ Isotropic 
Consolidation
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Forced Air

Forced Oil
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Effluent flow rate
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Crack Propagation Velocity
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σH σH

Boreholes – Anisotropic Stress Field
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air roots ice

H2Odesiccation oil

Miscible Fluids
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Crack initiation – Seepage Drag Forces

Soil is in compression EVERYwhere
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Immiscible (gas, ice, hydrates, roots)
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Grain Dissolution

i d

Volcanic Ash Soils: Formation
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Dissolution (HTCBM)

Evolution Distributed Homogeneous 
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Experimental schematic

Load Settlement

pH

Calcareous soil

Conductivity
Air pressure

Pressure tank

Vs

Reactive
fluid

Linear flow

Soil Response Before & After Dissolution

0.7

0.8

at
io 600

700
S

D
Cc= 0.096

Cc= 0.225
0.7

0.8

at
io 600

700
S

D
Cc= 0.096

Cc= 0.225

0.4

0.5

0.6

V
oi

d 
ra

300

400

500

ty
 [m

/s
] .

D
0.4

0.5

0.6

V
oi

d 
ra

300

400

500

ty
 [m

/s
] .

D

0.2

0.3

10 100 1000

Normal stress [kPa]

0

100

200

S
-w

av
e 

ve
lo

ci
ty

Vs=28 σ’v0.38

Vs=45 σ’v0.33S

0.2

0.3

10 100 1000

Normal stress [kPa]

0

100

200

S
-w

av
e 

ve
lo

ci
ty

Vs=28 σ’v0.38

Vs=45 σ’v0.33S



3/17/2011

33

0.00

ra
in

90% glass bead + 10% NaCl

Experimental Results

0 5

0.6

0.7

ss
 c

oe
ffi

ci
en

t, 
k

0.02

0.04 Ve
rt

ic
al

 s
tr

0.3

0.4

0.5

0 1000 2000
Time (sec)

La
te

ra
l s

tr
es

constz =σ

DEM Simulation

N= 9999 (in 2D) - 8000 (in 3D)

cov particle diameter: 0.25

Interparticle friction: 0.5

Simulation: reduce D or G



3/17/2011

34

0.45

0.50

en
t, 

K a c

DEM Simulation 2D - diameter gradually reduced - 20% of particles 

0.25

0.30

0.35

0.40

La
te

ra
l s

tr
es

s 
co

ef
fic

ie

b

0.0 0.5 1.0 1.5

Vertical strain, εz (%)

Post-dissolution simple shear 

15

20

25

ss
 (k

Pa
)

1%

5%
2%

0%

Shear stress

0

5

10

0 0.1 0.2 0.3 0.4
Shear strain (radian)

Sh
ea

r s
tr

e

15%

10%
25%

0.04

0.06

1%
2%

0%

Vertical strain

-0.04

-0.02

0

0.02

0 0.1 0.2 0.3 0.4
Shear strain (radian)

Ve
rt

ic
al

 s
tr

ai
n

5%

2%

15%
10%

25%



3/17/2011

35

Shear Localization?

FEM simulation natural sediments
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The Man In A Red Turban
Jan van Eyck (1433 - Oil) 

Thank You


