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According to Karl Terzaghi (1948):
"Soil Mechanics is the application of laws of mechanics and

hydraulics to engineering problems dealing with sediments
and other unconsolidated accumulations of solid particles
produced by the mechanical and chemical disintegration of
rocks regardless of whether or not they contain an
admixture of organic constituent.”

“Unsaturated Soil Mechanics is the application of laws of
mechanics and hydraulics and interfacial physics to
engineering problems dealing with partially saturated Soil
Mechanics "
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Millimeters Inche

0 - 24 0.9

25 - 74 1.0 2.9

75 124 3.0 4.9
125 224 5.0 8.9
225 - 274 9.0 0.8

275 - 74 10.9 - 14.8

475 - 724 18.8 - 28.5

728 - 974 28,6 - 8.4

975 —= 1474 38.5 - Ss8.1
1475 - 2474 58.2 - 97.4
2475 - 4974 97.5 - 195.9
4975 — 7474 196.0 - 294.3 ‘../’
7475 ~ 10004 294 .4 -~ 3940 &

weitte e Total Annual Rainfall
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Centigrade

< -29.5| < -21

-29.5 to -25.0. -20.5 to -13
-24.5 to -15.0 -13.5 ta &
-14.5 to -10.0 5.5 to 14
~9.5 to ~5.0 14.5 to 23
~4.5 to 0.0 23.5 to 32
0.5 to 5.0 32.5 to 41
5.5 to 10.0  41.5 to 50
10.5 to 15.008 51.5 to 59
15.5 to 20.0 59.5 to 68
20.5 to 30088 68.5 to 86
30.5 to 35 .0l 86.5 to 95
355 to 40 offll 955 to 104
> 2000 > 104
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Annual Average Temperature
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Soil Moisture
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Nice Airport (France) sl 49 wib 0

ARIANE ELA 3 European by sg¢Sw 0
Space Center (French Guyana)
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Unsaturated soils - Hydrology 57,8 - delde

Natural conditions

IR IBALY

Frecioitaion
Evaporation

Riparian zone

Image from USGS “Water Science for Schools” website  Dr. Hasan @Basemzadeh

http://ga.water.usg: ine.html|
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Unsaturated soils - Hydrology -’ﬁ)\f — deddis

wWater-level declines

Frecipitaion
Ev aporation

Pumping well

Riparian zone

Gound-water fow

Confining unit

Image from USGS “Water Science for Schools” website  Dr. Hasan @asemzadeh
ine.html

http:/iga.water.usg:

Unsaturated soils - Hydrology -’ﬁ)\f — deddis

Ground-water quality

Purmnping well

Riparian zone

Strearm

- Ground-wa ter flow

Confining unit

Image from USGS “Water Science for Schools” website  Dr. Hasan @Rasemzadeh
mi

http:/iga.water.usg: ine.hts
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Unsaturated soils - Hydrology 3 ) = andis

upper and lower boundary of unsaturated soil zone

The upper boundary reacts directly on
l meteorological and climate conditions

Transpiration

Precipitation f

Surface outflow (inflow) Evaporation

T Soil surface

N I
Hypodermic lateral |\
infl i
inflow or outtow Root water extraction /
—_—
—_— Infiltration
Outflow to groundwater /]
Groungwater CaPi_"aﬂl'V water
level 47 intlow

The lower boundary is usually 23

delimited by groundwater table

Unsaturated soils - Hydrology > 55 — 4sis

Dispersion Dissolution

Capillary Fringe Leaching
% :
NO3

After Tindall ana Kunkel, Unsaturated Zone Hydrology, Prentice Hall, 7993
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VADOSE ZONE
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Unsaturated soils - polution

a7

AIR
INFILTRATIONS—» \ater
c

WATER TAELE

Dr. Hasan Ghasemzadeh 25

Unsaturated soils
Surface Tension (Cohesion)

Water Arrangement Around a
Charged Surface (Adhesion)

hasemzadeh 26
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Unsaturated soils

Surface Tension (Cohesion)

Unsaturated soils

Surface Tension (Cohesion)

JJ{JK—MJ&A
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Unsaturated soils JJ{)K — dodae

Tree root

conducting xylem
of stem

soil surface

Dr. H@'jﬁm‘j;%gleﬁi’z"éaeh epidermis 29

Waste disposal
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Carbon Storage

Production Enhancement ?
CO, Leakage Pathways ?

- Abandoned Well
Infection Well or Fracture
GO 1 - - =

Mg

JJ{)K—MJ}.&

Long-term well bore integrity is required for permanent subsurface storage.
Subsurface conditions must be characterized and leakage pathways understood.

s Shallow-zone Effects

Well Properties

eE&flent Degradation

Spatial Locations

Slide adaptedér?m
Princeton
Environmental Institute

Two-phase PEM flow in Fuel cell

<L L C)Lijf-- 4ol

Hydrogen fuel is channeled through field flow
plates to the anode on one side of the fuel cell,

while oxygen from the air is channeled to the
cathode on the other side of the cell.

2 At the anode, a
platinum catalyst
causes the
hydrogen to split
into positive
hydrogen ions
(protons) and

negatively charged

electrons.

Hydrogen

Flow Field

Oxygen
Flow Field

E The Polymer Electrolyte
Membrane (PEM) allows
only the positively
charged ions to pass
through it to the cathode.
The negatively charged
electrons must travel
along an extemal circuit
to the cathode, creating
an electrical current.

At the cathode, the electrons
and positively charged
hydrogen ions combine with
oxygen to form water, which
flows out of the cell

Unsaturated Soils
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Unsaturated flow in thin fibers -3‘)-3)\5 — do e

Unsaturated soils - Geotechnic 5 5,8 — dedis

settelement

= =
sol argileux  _ -~
L -

limite du sol argileux

Dr. Hasan Ghasemzadeh 34

CEBTP (1992)
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Unsaturated soils - Geotechnic

Collapse - sinkhole

Petroleum Reservoir

Unsaturated Soils
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Nuclear waste disposal

Swelling and shrinking

Rock

Muclear waste

Containar

Compacted
bB=nionits

Proposed barrier (Lloret et al., 2003).

Dr. Hasan Ghasemzadeh
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Unsaturated soils - Geotechnic 5,8 — dsdas

Swelling and shrinking

Unsaturated soils - Geotechnic "J'UK — delas

Swelling and shrinking

macro and micro pore systems

/-

Macro

Water saturation \

and swelling states

Miicro /

Water saturation

and swelling states

Drying

Dr. Hasan Ghasemzadeh 40
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Unsaturated soils - Geotechnic

»Swelling on contact with water

Si
Al
Si
Si
Al
.. easily separated Si
by water
joined by weak el
van der Waal's Al
bond Si

Cuigh ) se Ciige SIS

Dr. Hasan Ghasemzadeh 41

ded2e
Clay Particle in Water

dsorbed@m
N|- = 1nm
- - ,/
- 50 nm
~ | |double layer:
water :

» A thin layer of water tightly held to particle; like a skin
» more viscous than free water

Dr. Hasan Ghasemzadeh 42
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Montmorillonite (smectite)

» cation concentration drops with distance from clay
particle ® clay particle >

cations \

%{_J
. : Dr. Hasan G‘%%EQ&%L%%W . free‘water

Survival Bias
Abraham Wald
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order =107m

The macroscopic scale is the length scale on which objects or phenomena are large
enough to be visible practically with the naked eye, without magnifying devices

Py,

3 , ~ from felds
gov/.../USGS_3D/ssx_gif/fdissol.gif

Unsaturated Soils

4/10/2020

24



K.N. Toosi University of Technology

20k

pubs.usgs.gov/.../USGS_3D/ssx_gif/semkao.gif

order =10°m

SN e

order =107""m

In chemistry, a molecule is defined as
a sufficiently stable electrically neutral
group of at least two atoms in a definite
arrangement held together by strong
chemical bonds.
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An atom is the smallest particle
characterizing a chemical element

st 0 nd e ] o electro-weak
1 = %J generation symmetry breaking  outside of
everyday matter exotic matter force particles (mass giving) standard model
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Calabi—Yau manifold

(3+1+6 or 7) dimensions

I, =1.616199*10*m : Planck length

order =10m

Sl (gloyd
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R L
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CHARACTERISTIC SIZE OF AVERAGING REGION

I << D << L Job tmlin 5 )13 e 80e 5la oS 03557 Sy 81
S el 1 5 AseLAEA LAEV assce
I=1 micron for clay

. D=0.5 mm for metals
I =50 micron for sand .
D=1 mm for plastics

L=1 cm D=10 mm for wood
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